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@ An a Ere raft fire protection ©ystam Includes a p^l^ra^^ty of 
extmgyisfiant bottles (1ia"19g) which can foe detonated to 
deitver extmgu^shant mto a maoifofd (22) and tl^an to s(&lact- 
m iim zones CtCK16) trough valves (26, 30. 40, 42) 
B.moQmt^4 with the respective iimzon^s. Solid state oorttroJ 
circuitry opens the appropriate valve when a corresporiding 
push button switch (64, $6, 08, 62, 64) is mjtiaJJy depressed 
and detonateB one or more bottles in aequ^noe wt^en th# 
same switch is subsequsntiy depressed one or mor^ times. 
A manual crash switch (70) opens ali vafvos whan dopress- 
ad on 00 and discharges all boitJ^s when depressed agarn> 
An automatjo cra^h swrtch (246) opens ail valvas and det- 
onates bU bolties if the aircraft should crash. A test cirou^t 
(60) operates in a test mod^ to open afi vatves in sequence 
and to SI muJate sequential d^3tonation ot aM bot^^as by appiy- 
mg Eow iev0i current to the i>ottle detonator Circuits 
Ca32a-23Sg). 
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WILLIAM mMmO mw Sef : Sa/2466/02 

FIRE PROTEeTIDS SlBTm FOR AIRCRAFT 
This invention relates in geiieral to a fire protection 
system used for extinguishing fires and asore particularly 
to an improved fire protection system for aircraft, 

5 The fire extinguishing systems that have been proposed 
in the past for use in airplanes and hellcopterSr as well 
as other aerospace vehicles have suffered from numerous 
drawbacks* Perhaps most notably^ the controls and 
procedure for operating the system are typically 

10 complicated ,r and it may be difficult to operate the 
proper controiB in the necessary sequence^ especially 
under an emergency situation such as a fire , linother 
problem is that only a small part of the total 
extinguishant material may be available for application to 

15 any one designated fire gone* Tharefore^ the 

additional extinguishant that is present in the system 
cannot be applied once the designated portion is 
eKhausted, even if the additional material is necessary to 
put out the fire^ 

20 

A CGmplete operational check of all oomponenta cannot be 
done as part of a nonnai preflight inspection* Although 
pref light testiry of portions or components of soiue 
systems is possible^ the testing procedure does not always 
2 5 assure tne integrity and ope r ability of all cooaponents 

of the systera* Also, if the control system or any of its 
ccraponents malfunctions, the fact that a fault exists is 
not indicated until it is too late to take corrective 
a ct ion* 
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The present invention is directed to an improi^ed aircraft 
fire protection system and has^ as its primary object^ the 
provision of a systestt which functions eSfectively and 
reliably and which is operated by siiaple and easily 
activated controls* Another important object of the 
invention is to provide an aircraft fire protection system 
having an easily operated testing arrangement for reliably 
testing the entirety of the control circuit and all of its 
coEponentB ae well slb the components of the ext ingulshing 
system* The fire protection system also makes the 
entire affiount of ext inguishant material available to each 
fire zone if necessary* 

It is an objective of the invention to permit the reliable 

and simple control of a multiple ^one fire protection 
systm by one or more ccmpact centrally located control 
panels that also display the status of the system during 
operation* 

COTTventionai methods for controllit^ ccmpieK fire 
extinguishing and detection systems use pull ^Tee handles** 
selector switches^ push button switches and siiTiilar 
controls that require a greater amount of space than the 
present imrention* The operator of, for instance^ a 
complex 2— ^one conventional syetem must identify the 
affected sione, pull the proper Tee handle, select the 
proper bottle? and then push the proper discharge 
switch » If a second discharge in the same ^one is 
required he must reselact to another full bottle and then 
push the proper discharge switch again* If ha wishes 
to discharge to a different zone than originally 
identified r he may have to first reset the controls 
associated with the original zone identified ^ by at least 
resetting the "pulled** Tee handle^ Then he must proceed 
as described above for the new zone. Sometimes, these 
actions can be accofapli shed accurately under s tress / but 
if more zones are included in a protection system exact 
judicious actions will be required to accurately operate 
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tne systm« The convent, ioaal controls will likely be too 
numerous and the actions required too complex Cor a 
reliable syst^ that actually increases the overall safety 
of operation of an aarospace vehicle^ 

5 

In accortJance with the indent ion^ an aerospace vehicle 
such as an airplane or helicopter is arbitrarily divided 
into designated tire 2:0 nes which are each connected with a 
supply manifold and equipped with a solenoid valve for 
10 directing ext ing uishant material tram the manifold to 
the corresponding fire s^one* The manifold is supplied 
with ext inguishant material from a series of bottles each 
having an electrically actuated detonator* The system 
includes a solid state control circuit which detonates the 
15 bottles after previously openifig the appropriate valve 

or valves to direct ext inguishant to the area of the fire* 

It is a particularly important feature of the invention 
that there is only one switch for each fire ^onajr and the 
controls are simplified accordingly. Each switch 
opens the corresponding valve to arm the systedi when 
pushed once, and subsequent depressions of the switch 
detonate the bottles in sequence under the control of 
logic circuitry in the control system* Thus, only one 
switch must be depressed to fight fire in any Eone of 
the aircraft/ and any desired amount of exti nguishan t 
material can be directed to the fire zone s imply by 
repeatedly depressing the corresponding switch. The 
circuitry is arranged to assure that detonation of the 
bottles can occur only if there is an open valve* 
l^lso^ openirxj of one valve effects automatic closing of 
any previously opened valves in order to assure that the 
ext inguishant material is directed to the intended area. 

35 Another important feature of the invention Is that all 
of the bottles and valves can be opened to apply 
ext inguishant material throughout the aircraft if a crash 
is imminent or occurs* This is accanplished simply by 
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depressing a "crash** switch once to open all valves and 
again to detonate all bottles* hn impact switch included 
in the control circuitry automatically achieves the smxB 
results {application of extinguishant throughout the 
5 aircraft) if a crash occurs before the pilot has an 
opportunity to activate the manual **crash*' switch* 

The system further includes a sijEplified and improved test 
circuit for pre flight chaoking of the oper ability of all 

10 components* The test systen is controlled by a single 

switch which can be moved to the test position at any time 
a test is desired, A series of indicator lights then 
autotiat ically cycle in sequance to confirm that all valves 
can be opened and that all bottles can be detonated* The 

15 actual opening of each valve in seqi^nce in the teat 
mode is indicated by the lights^ as is the fact that 
current paths are available through all unopened bottle 
detonators* The ability of the valves to actually open 
and the detonators to actually discharge the bottles is 

2 0 thereby confirmed duriif^ the test procedure without 

the possibility of inadvertent detonation of any bottles 
in the test mode* h flashing amber test light provides an 
additional indication that the system is in the test 
mode* If there is a fault in the systefn^ the test light 

2 5 does not blink but is constantly on to provide a fault 

irKiication* 

An additional feature of importance is the volume selector 
switch which permits adjustment of the quantity of 
30 extinguishant directed to any of the fire zones* For 

example r if the cargo area is full or nearly full, only a 
relat ively small amount of es:t inguishant is required to 
fill the open space* Conversely^ a larger amount of 
extinguishant is necessary if only a small amount of cargo 

3 5 is present* ThuS/ on flights having full cargo 

coctipartments, the volume selector switch can be moved to 
the **full cargo** positioni. and the control circuit 
dischai^es a relatiy^ely small amount of extinguishant (two 
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b o 1 1 1 e s ^ f o r ex amp 1 e ) e ac h t ime t he ca rg o sw i tc h is 
depressed* If the cargo area is reiativeiy emptyv the 
volume selector switch oan be placed in the **0mpty cargo'' 
position in which a greater quantity of exti nguishant 
5 (three bottlesi for example) is disc harried for each 

depression of the cargo switch* Such a selector switch 
may be associated with each zone switchM 

An alternative and somev^at simplified form of the 
10 indention intended primarily for use in smaller 

aircraft permits the fire protection system to utilise 
either three way valves or two way valves r and its 
versatility is increased accordingly* AlsOr the teat and 
crash systacns are modified somewhat* 

15 

Other and further objects of the invention, together with 
the features of novelty appurtenant the re to , will appear 
in the course of the following description* 

20 In the accompanying drawings which form a part of the 

specification and are to be read in conjunction therewith 
and in which like reference nuiaerals are used to indicate 
1 ike pa r t s in va r iou s v i ews : 

2 5 Fig* 1 is a general diagrammatic illustration of an 

aircraft fire protection systan constructed according to a 
first eiobodiment of the present invention; 

Fig, 2 is an elevational view of the control panel on 
30 which the controls of the fire protection system are 
mounted ; 

Figs* 3™ 8 are schematic circuit diagrams illustrating the 
control circuitry which controls the operation of the fire 

3 5 protection systefrij 

Fig* 9 is a general diagrammatic illustration of the valve 
arrangement of a fire protection system constructed 
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according to an alternative fojQtt of the invention 
employing two three way valves for three fire zones; 

Figs* I0a-*10h are schm^tic circiiit diagrams illustratir^ 
the control circuitry for the system of Fig, 9; and 

Fig* lOi is an organizational diagram depict ir^ the manner 
in which Pigs* lOa-lOh are organised in relation to one 
another* 

Ref erring now to the drawings in detail ^ Figs* 1-3 
illustrate an aircraft fire protection systam constructed 
in accordance with a first ambodlHient of the present 
invention. The aircraft can be of any type/ and any 
number of fire 2ones within the craft can be 
arbitrarily selected* Fig« 1 illustrates an aircraft 
having five different major fire zones, namely a cock pit 
10, a cargo area 12/ an electrical cdt^partiiftent 14/ an 
engine campartment 16 and a transmission section 18. It 
is to be understood that more or fewer designated fire 
2ones can be fOCTiad/ and that the zones illustrated are 
given nteraly by way of example* Also, one or more minor 
fire zones can be included in a major zone. 

Bottles containing a suitable fire extinguishant are 
provided and are iiiustrataa as being seven in number ^ 
again an arbitrarily selected number that can be varied as 
desired* The extinguishant bottles 1--7 are deEignated by 
numerals 19a--19g/ respectively, and each has a correspond 
ing conduit 20a~"2 0g leading to a manifold pipe 22 
which is common to all of the bottles* A conduit 24 
equippad with a conventional solenoid valve 26 exterids 
tram manifold 22 to the cockpit 10/ and another conduit 28 
with a solenoid valve 30 leads to the cargo area 12 from. 
the manifold* Similarly> conduits 32/34 and 36 extend 
from the manifold to the electrical compartment 14/ the 
engine compartment 16 and the transmission 18^ 
respect ivelyr and are provided with respective solenoid 
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valves yd, 40 and 4 2* 

Corduit 24 teminafces in a plural ity of Dozsjlas 44 which 
serve to discharge the fire ext Inguishant material into 
5 cockpit 10 in tne event of a fire in the cockpit* 

Conduit 28 has a plurality o£ Bimilar nozzles 4 6 in the 
cargo arear while the remaining corK^uits 14? 16 and 18 
likewise terminate In respective sets of nozzles 48* 50 
and 5 2 in the electrical compartment^ the ermine 
10 campartmanfc and the transmission^ respect lively* 

Referring now to Fig * 2t the f ire protect ion syst^ has a 
control panel which is generally indicated by nurrteral 
5 4* The control panal is preferably mounted at a 

15 convenient location within the aircraft/ such as on 

the instrument panel, where it is readily acceBSibla to 
the pilot, pilots or other personnel. Control panel 54 
includes a main panel 5 6 and an auxiliary panel SSr 
although the controls can be mounted on a single panel if 

2 0 desired. The upper main panel 5 6 has a test-reset 

toggle switch 6 0 which is in the "off" condition in the 
center position shown* Switch 6 0 can be noved upwardly to 
the **test** position or downwardly to the "^reset** pc^ition^ 
as will be described in m>re detail* Above the toggle 

2 5 switch 60 is a small light 6 2 formed by an LED coverea 

by an amber colored lens* 

The main control panel 56 also includes a cockpit switch 
64^ a cargo area switch 66 and an electrical compartn^nt 

3 0 switch 6 8/ ail of which are push button switches that 

return to their normal extended positions after being 
depressed and released* h crash switch 70 located beside 
switch SB is of the same type. A tajgle switch 72 for 
controlling the volume of ext inguishant material 
35 discharged into the cargo area of the aircraft is 

located below the cargo switch S6 and naa both an empty 
cargo setting and a full cargo setting* A bell switch 7 4 
located below the electrical compartment switch 68 has 
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"off" and "on" settings. A smali light 76 located beside 
bell switch 74 indtcates the setting o£ the bell switch 
and ia preferably an LED covarad by an amber lens* 

The main control panel has two rows of lights each 
having seven lights correspondi og to the ext inguishant 
bottles l-*7. The lights in the top row are designated 
7 8a"78g and those in the bottom row are designated 80a- 
80q* The lights 7 8a and 8 0a correspond to bottle number 
1, lights 78b and 8 0b correspond to bottle number 2, 
and so forth. The top lights are preferably LBDs covered 
by grean lenses ^ and the bot tom lights are LEDs covered by 
amber lenses* 

The auxiliary panel 58 may be located adjacent to or 
separated from the main panel* panel 58 has an engine 
cofapartment switch 82 and a transmission switch 84/ both 
of which are push button switches of the same type as 
switches 64"'70* All of the switches on the control panel 
are marked appropriately/ as indicated* Switches 6 4- 
7 0 and 8 2-* 8 4 preferably have covers v^*tich must be 
intentionally lifted to provide access to the push buttons 
in order to prevent inadvertent depression of any of the 
buttons. The lov^r or **ARMED^ half of each switch 64-70 
and 82-84 has a pair of lights which display a green 
color when energi^sad, and the upper half of each switch 
has a pair of lights which display a red color when 
energised/ as will be explained loore fully. 

Turning now to the control circuit for the fire 
protection systeM,^ Fig* 3 illustrates a power lead 8 6 
which supplies 28 volts fraB any suitable power source, 
such as the aircraft power system or a separate battery 
pack that still functions If there is a loss of electrical 
power in the aircraft system* The power lead 86 is 
connected with the power supply by a circuit breaker or 
the like {not shown) which is normally closed* A 28 volt 
power bus 88 connects with power lead 8 6 to provide 28 
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volt s to various parts of the system ^ as will be 
descr ibed , 

The 23 volt power lead is provided with a diode 90, a pair 
5 of filtering capacitors 92 and 94 tied to ground^ and 
a ohoka coil 9 6* The power lead connects with a voltage 
regulator 9 8 providing approscimately 12 volts on its 
output line 102* A 12 volt bus 102 connects with line 100 
to supply various parts of the system with 12 \?olts^ Also 

10 connect ir^ with line 100 is another line 104 leading 

to an amplifier 10 6 through a capacitor 10 8, The output 
£r<m amplifier 106 is applied to a reset bus 110 which 
applies a reset pulse when energized* Line 104 connects 
to another amplifier 112, the output of which is applied 

15 to a FOR bus 114* 

Reterring now to Figs* 7 and 8^ the 12 volt power bus 102 
connects with Unas llSai, ilSb and 116c, and also to lines 
116d and il6e {Fig* 8)* Switches 64-68 and 82-84 each 
20 have two sets o£ contacts^ and lines 116a'-116e lead to 
the common contacts of the respective switches, in the 
no rmal pos i t io n s of t h e s w 1 1 che s s ho wn , li n e s 11 6a -1 1 6e 
connect only with lines 118a-118e^ respectively* However^ 
when each switch ia depressed to connect its ccmHon 

2 5 contacts with its normally open contact 3^. lines 116a>- 

116e connect respectively with lines 120a-120e through one 
set of contacts and with lines 122a-122e through the same 
set of contact Also^ lines 116a-116e connect with lines 
I24a"124e through the other set of contacts* 

30 

Lines 120a--120e connect with respective pairs of green 
lamps 126a-126e which are arranged in parallel with one 
another and are located in the "AJRMBD" half of the 
respective switches 6 4-- 6 8 and 82-84* The opposite sides 

3 5 o£ the lamps 126a"-126e connect with respective lines 

128a-i28e which lead to a ccctimon ground line 130* Also 
connected with lines 128a-12Be are respective pairs of red 
lamps 1323-1320 that may have their opposite sides tied to 
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a corwentionai fire detection systana (not shown) operating 
to light the red lamps 13 2a"13 2e la the event a fire is 
detected in the appropriate fire zona* 
By way of example, a conventional fira datector (not 
5 shown} closes a suitable switch that applies 

approKimately 28 volts to an engine fire alarm line 133 
(rig. 8) if a fire is detected in the engine compartment 
of the aircraft. The red lamps 132d in the upper half of 
switch 82 are then energi^eci to give an "engine fire** 

10 indication to the pilot* Similarly, the detection 

system applies 28 volts to a gearbox alarm line 134 (Fig* 
7) leading to the bell switch 74 and also to a conductor 
135* As shown in Fig. 8r conductor 135 connects with the 
red lamps 13 2e which are then energized to indicate on the 

15 transmission switch 84 that a transmission fire has 
bee n de t e c t ed * 

When the bell switch 74 is in the "on** position shown in 
Fig* 7^ its lovifer set of contacts connect line 134 with a 

20 bell power line 136 leading to ground through a bell 
(not shown) which gives an audible indication of the 
presence of a fire in the transmission or gearboK section 
of the aircraft* The upper set of contacts of the bell 
awltch 74 open a circuit 137 exterriing between the 12 volt 

25 bus 102 and ground line 130* The amber bell silent 

light 7 6 is than deenergized to indicate that the audible 
bell signal has not been switched off* If bell switch 7 4 
is switched to the off posit ion / lines 134 and 136 are 
dtsconnected fay the lower set of switch contacts and the 

3 0 bell cannot sound an alarm* At the same time, circuit 
137 is completed to energize LED 76 to indicate that the 
bell is switched off* Ordinarily/ the ball switch 74 will 
be switched off only after the bell has audibly indicated 
the detection of a transmission fire« 

35 

Lines 122a-122e are "valve open** lines VQl ^ V02 / V03 , V04^ 
and V05r respectively* Lines 1220-1220 connect through 
pins 6, 7 and 5 of a connector 138 with corresponding 
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inputs to a multiple input OR gate 139 shown in Fig* 3* 
Lines i22d and 12 2e connect through pins 3 and 2 of the 
connector with OR gate 139* The output signal of gate 139 
is applied through NOR gates 139a and 139b to an AVO {any 
5 valve open) bus 140 and is also applied to the base of 
a transistor 141. The 12 volt bus 102 connects through 
transistor 141 with a green LED gang line 142 when the 
transistor base receives an output signal from the OR gate 
139 * 

10 

Lines 122a-122e also bypass OR gate 139 and, as shown in 
Fig* 4^ connect with respective logic gates 144a--144e 
wtiich in corabination with associated gates 146a-*146e fom 
valve latch circuits for opening the valves shown in Fig* 

15 1* The other input signal to each latch circuit is 

provided on a RES* bus 14B \^ich connects with the reset 
(RES} bus 110 and the K)R bus 114* The output signals 
frmi the valva latch: circuits are applied to the bases of 
respective transistors 150a--150e^ Vtoen the transistor 

20 bases receive high signals frorE the latch circuits, 

respective relay coils RVlf RV2^ RV3^ RV4 and RVS are 
energised since the transistors are then conductive to 
provide a ground path frcm the 12 volt bus 10 2 through tne 
relay coils. 

25 

The relay coils when energized close their respective 
pairs of normally open contacts RVli^ RV2, RV3/ RV4 and RVS 
in order to ccmplete circuits to ground frcm the 28 volt 
bus 88 throvigli respective solenoid coils VCl^ VC2f VC3, 
3 0 ¥C4 and VC5* These solenoids open the respective 

valves 26/ 30/ 3B, 40 and 42 {Fig, 1) when energised to 
pemit ext ingulshant to flow from manifold 22 to the 
corresponding fire zones of the aircraft* 

3 5 When any of the solenoid colls is energized to open 
the corresponding valve, the valve core (not shown) 
physically closes a pair of nonaally open switches which 
are respectively designated VCIA and VCIB, VC2A and VC2B , 



-12- 



0170749 



VC3A and VC3B/ VC4A and VC4B, aod VC5A and VC5B in Fig ^ 
4* Closing of switches applies 12 volts from 

th.B 12 ^olt bus 102 to respective lines i5 2a--152e which ^ 
as shown in Fig* 3^ connect with the respective V01-V05 
lines 12 23-^1223 to provide holdiog circuits tiiat 
maintain the TO (valve open) lines energised after the 
corresponding switch 6 4-68 or 82-84 is released* The 
other switches VCIE^VCSB are used to visual ly indicate 
c ios ing of the cor res po nd i va 1 ve . 

Referring again to Fig* 4f the VO lines 122a--122e connect 
through capacitors i53a-153e with respective amplifiers 
154a-iS4e which are tied on their output sides with a 
ccmxson line 156 £orming one input to a ISIA^^D gate 158* The 
output fr^ gate 158 is applied to an inverter 160 
which connects with a line 16 2 that leads to the RES* bus 
148* The reset (RES) bus 110 also connect a via line 16 2 
with the RES* bus 14B* 

The output signals front the valve latch circuits 
formed by logic gates i44a-144e and i46a™146e (Fig* 4) are 
applied t in addition to transistors 150a-150e# to 
respective lines 16 4a- 16 4e* Capacitors ISSa-ieSe 
{4*7micro f) are tied between the respect ive lines 16 4a— 
16 4e and ground* Lines 16 4a- 16 4e connect as one input 
to respective NAHD gates 16 6a-166e {Fig* 5). 

With reference again to Fig* 7/ lines il8a--118c are 
designated Cwht CGA^ and ElAr respectively, and connect 
through pins 47/ 44 and 49 of connector 138 with 
respective HOR yates 168a"168c {Fig* 5)* Siiailarly, lines 
118d and ilBe {Fig* 8) are designated EUA and GEA and 
provide one input to respect Ive NOR gates 16ad and 168e* 
The gates 16 8a-16Se form latching circuits in cooperation 
with assooiatad nOR gates 17 0a**17 0e^ respectively/ 
which receive one input from the respective lines 124a'- 
i24e (designated CPAVr CGA* jr ELA* / EUh' and GBAM leading 
frcMi the push button switches 6 4-68 and 8 2--84 {see Figs. 7 
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a nd a ) , The ou t p u t s ig n al s f r am t he la to h circuits £o med 
by gates 16 8a- 16 Be and 17 0a- 17 Oe are applied to the 
respective NAND gates 16 6a"16 6e through *00 2 micro F 
capacitors 172a"172e* As previously indicated gates 
5 166a*"166e have their other input pins connected with 
lines 16 4a-16 4e . 

The output lines of gates 16 6a-166e connect with the **15*' 
input pins o£ respective decade counter circuits 17 4a-17 4e 

10 (4017 integrated circuits) having their '-14*' input 

pins tied to a common cidck line 176* A f iring pulse 
generator (g^PG) clock circuit 17 8 provides 8.7 KHz. pulses 
to the clock line 176, Each input signal on pin 15 
generates an output signal on the "2** output pin of each 

15 decade counter 17 4a and 17 4c-17 4e which is applied to 

FPG bus 18 0* The decade counters are then inhibited until 
another input signal appears on pin 15* 

The decade counter 17 4b corresponding to the cargo area of 
20 the aircraft has its ** 2** and **7'* output pins tied to 

the FPG bus IBO and its **6'' output pin connected to an 
open circuit 182 leading to a connector 184* The "l*" 
output pin of decade counter 17 4b connects through 
conneator 184 with a high volume line 186 whichj as shown 
25 in Fig* 7^ connects with the caryo load switch 72* 
Line 186 is an open circuit in the *'hlgh" setting of 
switch 72 but connects in the *'iow*' settir^ of the switch 
with a low volume line 18 8» As shown in Fig* 5^ line 18 8 
leads back through connector 18 4 to connection with the 
30 FPG bus 180* 

The connection of gate 16 6b and decade counter 17 4b is not 
direct but is through an inverter 190 and a latch circuit 
formed by intarconnected MOR gates 19 2 and 19 4* The 
3 5 output line of gate 192 connects with the **15" pin of 
decade counter 17 4b r and the ''ll" pin of the decade 
counter is connected with one input of gate 194. 
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The circuitry associatad with the crash switch 70 differs 
somewhat froot that associated with the firo zone switchas 
6 4-68 and 82-84* As shown in Fig, It the two caramon 
contacts of switch 70 are connected with the 12 volt bus 
5 t>y line 116f* V^hen switch 70 in the norxnal 

position sho^tfn^ 12 volts is applied through one set of 
contacts to a CBh line llBf* ^tien switch 70 is depressed ^ 
12 wita is applied through one set of contacts to a V06 
line 122f ar^ through the other sat of contacts to a CHA* 
10 line 124f, 

A pair of amber lamps 126f are located behind the crash 
switch 70 and are arranged in parallel, crte side of each 
lamp 126f is tied to a line 128f whch connects with the 
15 ground line 130, and the oppc^ite sides of the lamps 
connect with a CSL (crash switch lights) line 196* 

The W6 line 12 2f connects through pin 4 of connectoir 138 
with the multlpie input OR gate 139 {Fig* 3} and continues 
20 on to connection with a crash bus 198 (Fig* 4), An 

inverter 19 9 connects with the crash bus 19 8 and pros? ides 
the second input to mmD gate 15 8» The crash bus 19 8 
connects with the ¥01'-yo5 lines 122a--122e and also with a 
V07 line 122g which is a spare circuit in the illustrated 

2 5 embodiment of the invention but which can be used with 

the associated spare ccmponants in connection with an 
additional designated fire ^one in the aircraft if 
desirea. Line 122f connects additionally with a I^OR gate 
144f forming a latch circuit in cooperation with another 
30 NOR gate 146f, The output from gate 144f is applied 

to a series of drivers 19? in order to energise the crash 
switch lights 126f via the CSL line 196» 

Gate 146f connects at one input with the output line from 

3 5 gate 14 4f and at the other input with the EES* bus 

148* The output line frm gate 146f connects with one 
input to gate 14 4f and also with a conductor 16 4€* Line 
lS4f is grounded through a capacitor 16 5f and conn^scts 
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with a NAND gate 16 6f {Fig* 5)* The other input to gate 
16 6 £ comes from the CHA and CHA* lines llBf and 12 4f 
through a latch cirouit formed by a pair of logic gates 
16Sf and 17 0£* The output signal fron the latch circuit 
5 is applied to gate 16 6f through a capacitor 17 2f, 

The oatput frcm gate 16 6f connects with the *-15** input pin 
of a decade counter 17 4f which connects at its **i4" pin 
^ith the 8*7 KHz clock line 17 6 • Decade counter 17 4f is 
10 identical to da cade coanterB 17 4a-17 4e but has its 

output pins If 2/ 1^ 6 and 11 cortnected with the FPG bus 
and its inhibit pin 13 grounded* 

Referring now to Fig* 6,^ the FPG bus connects sria line 19 9 
15 with one input of a three ir^ut NAMD gate 200* The 

AVO bus 14 0 provides the second input to gate 20 0/ and the 
third ir^ut comes fir cm a HAND gate 202 which also provides 
the input to inverter 20 4a* The output from gate 200 is 
applied to gate 20 2 and also to an inverter 206a* Gate 
20 200 and the associated circuitry corresponds to the 
first or number 1 axt inguishant bottle 19a* 

The FFG bus also connects with a piurality of identical 
Ae4D gates 2 08b-208g corresponding to the respective 

25 extinguishant bottles 19b- 19g* The second input to 

each gate 2 08b*-208g comes from the AVO bus 140r and the 
third input comes from the preceding inverter 204a-204f. 
The output signal frcra each gate 2 08b-2 08f forms one input 
to a cor res ponding nmn gate 2i0b"210fr and the last gate 

3 0 208g connects with an inverter 212. The output 

signals from gates 210b-2lQf are applied to respective 
inverted 206b-206f and also to respective NA^D gates 
214b-214f* Gates 214b-214f provide the second input to 
gates 210b-210ff respectively^ and both inputs to the 

35 respective inverters 204b-204e* 

The inverter 212 corresponding to the last or number 7 
bottle 19g provides one input to another NAISJO gate 216, 
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The output signal trcm gate 216 is applied to logic gate 
218 and i alerter 220* 

The output signals from invertes^ 206a"206f and inverter 
220 are applied to bottle latch circuits formed by 
respective pairs of BOR gates 222a-222g and 224a-224g- 
The output signal tram, gates 224b-'22 4f are fed back to the 
r as pe c t iv a ga tea 21 4b - 2 i 4f as t he se c o nd i np u t s ig n al 
thereto and are also applied to the bases of respective 
transistors 226a-'226f through resistors 228b— 22Bf* 
gate 22 4a provides the second and third inputs to the 
three input UhMD gate 202 and is connected with the base 
of transistor 226a through resistor 228a. Gate 224g of 
the last or number ? bottle latch circuit provides the 
second input to gate 218 and is connected through 
resistor 228g with the base of transistor 226g* 

When transistors 226a--226g are conductive jp circuits are 
completed to ground from the 12 volt feus 102 through 
respective raia^jf coils RD1--RD?* The sets of contacts 
for the respective relay coils are designated RDi-^KD7 and 
normally have power available tTcm the 28 volt bus 88 
through the contacts RTl of a test relay and through 
respective diodes 2 29a-229g. When contacts RDl'-RD? are 
clewed due to energi2jation of the corresponding relay 
coils f the 28 volt bus is connected through the relay 
contacts with bottle detonator circuits for the number 1--7 
extinguishant bottles 19a"*19g* The respective detonator 
circuits include fuses 2 30a-2 30g and detonator bridges 
232a"232g ^ich connect with ground* When supplied 
with sufficient cur rent ^ the bridges 2 3 2a- 2 3 2g actuate 
respective bottle electrical initiators for the respactive 
bottles 19a-19g to discharge the contents thereof* 

Respective pressure switches associatad with 

the number 1*7 extinguishant bottles 19a-19g are normally 
held open by the pressure within the charged bottles but 
close when the corresponding bottle is discharged and the 
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pressure therein drops. Switches PS1-PS7 are connected on 
one side with grouad and on the other side with respect iva 
coi^uctors 2 34a- 2 3 4g* The lines 2 34a— 2 3 4g have respective 
diodes 236a--236g and connect with the normally open relay 
5 contacts RDl-RD7^ respect iva ly* 

The 12 volt bus supplies power to an amber LED gang line 
2 38r as shown in Fig* 3* The amber gang line 238 leads to 
the amber LSDs 80a-*80g (sea Fig* 7} ^ich connect on their 
10 op pes i t e s id e s with 1 i nes 2 4 2a-- 2 4 2g , r es pe ct ive I y • As 

shown in Fig. 6^ lines 24 2a-24 2g connect 's^ith the respec- 
tive lines 2 3 4a-2 3 4g between diodes 2 36a-2 36g and the 
pressure swi tches* 

15 The green LEDs 78a'-78g connect with the green gang 

line 142 on one sldef as previousiy indicated* On their 
opposite sides r LEOs 7 8a-7 8g connect with lines 244a~-244gr 
respectively (Fig* 7)* shown in Fig* 6^ lines 24 4a- 

244g lead to the respect xva bottle detonator circuits and 

20 connect therewith between the relay contact a RDi-RD7 
ai^ the fuses 230a-'2 30g* 

A conventional impact or gravity switch 246 { BHg * 3) is 
normally open but closes majnentarily in response to the 

2 5 impact involved in a crash of the aircraft* Closing 

of switch 246 results in the application of power to a 
conductor 2 48 provided with a diode 25 0* Conductor 2 48 
contains the impact switch and connects with the crash 
line 19 8 as shown in Fig* 4^ 

30 

aIbo connecting with line 248 is a latch circuit fonnad by 
a pair of NOR gates 250 and 252. 4 resistor 254 and 
capacitor 256 connect one input line of gate 250 with 
ground* The raset line 110 provides one input to the 

3 5 other ga t e 25 2 * The ou t p u t s ig n ai f r cm t he la to h 

circuit comes from gate 250 and is applied to a conductor 
2 58 which, as shown in Wiq» 5f leads to an inverter 2SD, 
The output signal from inverter 260 forms one input to a 
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three Input HAMD gate 26 2 receiving its other input 
signals from the A¥0 bus 140 and the clock circuit 178 • 
The output trmi gate 25 2 is applied to the FFG bus 18 0* 

As shown in Fig, 7, the taBt-reset toggle switch 60 is 
nomally off but connects -^12 droits with a manual reset 
line 26 4 when moved to the **reset*' position. Line 264 
leads through pin 35 of connector 138 and through a 
capacitor 26 6 (sea Fig* 3) to an amplifier 26 8 which 
connects with the EES line 110 to provide a reset 
s ignai . 

When switch 60 is moved to the "test*' posit ion/ it 
conn e ct s H-1 2 vo It s wi t h a t as t ii n e 27 0 ( F ig * 7 ) ^ Th a 
test line 27 0 leads through pin 34 of connector 138 to 
RTl and RT2 relay coils (Fig* 3), Coil RTl CDntrols the 
RTl relay contacts previoiisly mentioned in connection with 
the bottle detonator circuits shown in Fig, 6, 

With continued reference to Fig, 3, the test line 270 
connacts with an inverter 272 which applies its output 
signal through a capacitor 27 4 to a pair of amplifiers 27 6 
and 27 8 which connect with the FOR line 114 and the EES 
line 110^ respect ivaly* Line 270 also connects through 
another capacitor 280 with another pair of amplifiers 
282 and 28 4* itopiifier 28 2 connects with the RES line 
110* and the other amplifier 284 connects with the POR 
line 114* 

Xhe test line 27 0 provides one input to an AND gate 
28 6 • The second input to gate 2B6 is applied by a 
conductor 288 which^ as shown in Fig* 6, extends from the 
output line of the last or number 7 bottle latch circuit 
f o mad by ga tes 2 2 2g and 2 2 4g * Ga te 28 6 appl i es its 
output signal to a HAHD gate 290 ^ich receives its 
other in^ut from another inverter 232* The input to gate 
292 comes from a three input AND gate 294* A test clock 
circuit 296 {operating slowly at about one Hz» ) applies 
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one input to gate 294, and test lloe 27 0 provides another 
input* 

Tne test circuitry of the fire protection systCT^ also 
5 includes a pair of inverters 29 8 and 300 s^ich provide 

the input signals to an AND gate 302* The input signal to 
itiverter 300 comas trcm the test line 27 Or while the ir^ut 
t o i nv e rt a r 29 8 a <me^ s f r a o o nd uc t o r 3 0 4 wh x oh i s 
connected with or disconnected from the 28 volt bus 88 
10 under the control of the test relay contacts RTi , as 
shown in Fig* 6* 

Gate 302 provides one ir^ut to a MGR gate 306 receiving 
its other input £r<m an AND gate 308* Lines 270 and 304 

15 connect with the input pins of gate 303* The output 

from gate 306 forms the third input to gate 294 and is 
also applied to inverter 310* Another MOR gate 312 
receives one input signal tram inverter 310 and the other 
from gate 29 4* The output frafa gate 294 is also applied 

20 to a test circuit (TC) line 314* The output line 316 
froEu ^OR gate 312 is a fault light line that leads to 
light 62 r as shown in Fig* 7* 

Referring again to Fig« 3^ the Qutput line of gate 29 0 
25 connects mth a nhUD gate 318 wiiicn receives its other 
input frora an inverter 3 20, The input to inverter 3 20 
comes from gate 318 through a capacitor 322* The output 
signal tr<m gate 318 is applied to a TC FOR line 3 24 and 
to an amplifier 326 which connects with the POR line 114* 

30 

The output frcm gate 290 is also applied to input pin 3 of 
a flip flop circuit 3 28 which is a D-type flip flop 
circuit having a second section 3 30* The output signal 
from flip flop circuit 3 28 on pin 1 connects with circuit 
3 5 330 and with a conductor 332 forming one input line to 

3-input AND gates 33 4a ^ 33 4c and 3 3 4e* The second output 
signal from circuit 3 28 is on pin 2 and is applied to a 
conductor 33 6 ^hich forms one input line for 3-input AMD 
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gates 334b^ 334d and 334£* Three-- input AiSID gate 334g an<3 
the associated eircutt elements are spare ccmponeiits in 
the illustrated form of the invention but can be utilized 
it desired. 

Pin 13 of circuit 3 30 provides the first output signal 
tharefropi and is connected with input pin 3 of another 
flip flop circuit 3 38 and with a conductor 3 40 providing 
inputs to gates 334a, 334b , 334e and 334f* The second 
output frcm circuit 330 on pin 9 thereof is applied 
via line 34 2 to gates 3 3 4c, 334d and 334g* The 1 output 
p in of cirauit 338 is connected to lino 344 which applies 
input signals to gates 3 3 4a-3 3 4d* Line 34 6 connects with 
output pin 2 of circuit 338 and with gates 334e and 
33 4f* Circuit 333 has a second section 3 48 with 
output lines connected to gate 3 3^* 

The output signals frcsn gates 3 3 4a --3 3 4f are applied to 
respective AND gates 3 50a-3 50f which receive their other 
inputs frcm the TC line 314* Gates 3 5 0a-35 0f apply 
signals to respective cooductors 3 51a-3 51f which connect 
through diodes with the output lines from the latch 
circuits formed by gates I6aa-16 8f and I7 0a-17Qf, as stown 
in Fig, 5- Gates 350a-350£ also connect with respective 
inverters 3S2a-3 52f which in turn connect with the 
bases of respective test transistors 35 4a-354g» When the 
test transistors are conduct ivar thay provide circuit 
paths for applying 4^12 volts to test valve open lines 
(TV0i--T¥O6) which are designated 3 56a-3 56£f 
respectively* As shown in Fig* 4/ the TVO lines 35 6a- 
3 56f connect with the corresponding VO lines 122a-122f* 

Referring again to Fig> 3r lines 332/ 342 and 34 6 connect 
with the three input pins o£ an h^D gate 358 which applies 
its output to a NOR gate 360* The RES line 110 
provides the other input to gate 360/ and its output is 
applied through an inverter 362 to the #6 pins of circuits 
3 28 and 3 38 and the #8 pins of circuits 3 30 and 3 48* The 
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output frofti gate 360 is also applied to a NAND gate 364 
having its output applied through a capaoitor 366 to an 
iOTertar 36 8 # The inverter 368 provides the second input 
to gate 36 4 • The output line 37 0 of gate 36 4 is connected 
5 throuah a capacitor 37 2 to an amplifier 37 4, as shown 
in Fig* 4* The output line of amplifier 374 connects 
through a diode 37 6 with one input to ISfAMD gate 158, 

The Eire protection system is placed in operating 
10 oondition by closing the circuit breaker (not shown) 

that connects the power supply with the 28 volt lines 8 6 
and 8 8* The voltage r^ulator then provides power for the 
12 volt bus 10 2 and applies a reset pulse on the EES line 
110 through capacitor 108 and aitiplifier 106 and a PGR 
15 pulse on line 114 through capacitor 108 and acmpiifier 

112. Among other functtonsr the RES and PGR pulses that 
pass through capacitor 108 generate a signal on EES' line 
148 (Fig* 4) which resets the valve latch circuits formed 
by gates 14 4a-'14 4e and 146a-14 6e and also resets the latch 
20 circuit formed by gates 144£ and 146f , In addition^ 

the FOR pulse resets the bottle latch circuits formed by 
gates 222a-222g and 224a'-'224g (see Fig» 6). 

In operation of the fire protection system^ a fire in any 
2 5 of the designated fire ^ones is either detected by a 

suitable detection system or is sensed by the pilot of the 
aircraft or other personnel* In the event of a fire in 
the cockpit 10, for example ^ the cockpit switch 64 is 
pushed once to am the system by openir^ valve 26 and is 
30 pushed subsequently one or jiore times to discharge one 

or more of the ex t ing uishant bottles 19a-19g in order to 
apply extl nguishant to manifold 22 and through the open 
valve 26 and conduit 24 to the cockpit noz!Sles 44* 

35 When switch 64 is depressed initially, its contacts 

are itoved f r an the normal pos ition shown in Fig • 7 such 
that the green oQCkpit lights 1 26a are energi^^ed beneath 
the lower ARMED PrJSE TO DISCHABGS'' section of the cockpit 



0 17Q74S 



- 2 2^ 

switch 64 (see Fig, 2)» This provides a visual indication 
on the cockpit switch that the system is armed and will 
apply ext ir^uishant upon another depression of the switch. 

Depress iori of switch 6 4 also applies 4^12 volts to the 
vol line 122a which connects with the multiple input OR 
gate 139 shown in Fig* 3« The resulting output signal 
frcm gate 139 is applied to the AVO bus 140 and to the 
base of transistor 141 to make the transistor conductivai. 
thus applying +12 volts to the green LED gang line 
14 2* The vol line 12 2a also applies po^r to the latch 
circuit fomed by gates 144a and 146a {Fig* 4)* The high 
output from the latch circuit is applied to the base of 
transistor 150a to make the transistor conductive* Relay 
coil RVl is thereby energized,, and the RVl relay 
contacts connect +28 volts with solenoid coil VCl to 
effect opening of the cockpit valve 26* 

When solenoid VCl is energized^ contact VCIA connects +12 
volts with line 15 2a which in turn connects with the 
vol line 122a as shown in Fig, 3* This completes the 
holding circuit which bypasses switch 64 and thereafter 
maintains valve 26 open when switch 64 is released 
following its initial depression* The holding circuit 
maintains power on the vol irput to OR gate 139 and on 
solenoid coil VCl until the EES* line 148 is energized to 
reset the latch circuit formed by gates 144a and 14 6a. 

With poviar on the green LED gang line 14 2 ^ a current path 
to ground is ccfapleted through the green LEDs 78a-78g^ 
lines 24 4a-244g and the respective bottle detonator 
circuits which include fuses 230a-'2 3C^ and detonator 
bridges 23 2a-23 2g* If any of the ext inguishant bottles 
19a-19g has been used its detonator bridge will be broken 
to break the circuit that would otherwise energise the 
corresponding green LED TBa-TSg* Thusr the green LBDs 
that are energised on the control panel 54 indicate which 
bottles are available » and the absence of a green light 
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for a particular iDottle indicates that such bottle has 
aire ad y be e n u s ed a nd i s un ava i 1 ab ie ♦ 

It is imgortaot to note that the olrcuifcs that are 
5 ccmplated through the detonator bridges 2 3 2a-2 3 2g are 

powered by 12 volts and pass through the green LEDs 7Ba-' 
78g (and their internal resistances) as well as the 
associated 2,2 Kohm resistors* The current passing 
through the detonator bridges is thus relatively small and 
10 is insufficient to detonate the bridges. Typical lyv 

the current applied to the bridges in this situation is on 
the order of about 10 milliampSr whereas about 200 to 500 
milliaraps is required to detonate the bottles* 

15 Referring again to Fig* It it is noted that depression 

of switch 6 4 applies 12 volts to the CPA* line 12 4ar and 
that the signal on line 124 is applied to gate 17 0a (Fig* 
S) to activate the associated latch circuit* A pulse is 
thereby applied iromentarlly through the ^OO^icro F 

20 capacitor 172a to gate 166a* The capacitor 172a 

quickly becomes charged^ and the high input signal to gate 
166a is then removed since current no longer passes 
through the charged capacitor* The other input to gate 
166a comes tram line 164a and is delayed until capacitor 

2 5 16 5a ( F ig * 4 ) i s f ul ly ch arged ♦ Due to t he r eia t ive ly 

large capacitance of capacitor 16 5a {4*7iiiicro F) compared 
to that of capacitor 172a (*002niicro W) the momentary high 
signal applied to gate 16 6a through capacitor 172a is no 
lojnger present when the high signal on line 16 4a reaches 

30 the other input of gate I6 6a« Consequently ^ there is 

no output generated frau gate 16 6a upon initial depression 
of switch 64f and decade counter 174a remains inactive and 
does not apply a firing pulse to the FPG bus 18 0* 

35 When switch 6 4 is depressed a second tin^r CBA^ 

line 124a is once again energized and a second momentary 
high signal is applied to gate 16 6a through capacitor 
172a» Since the holding circuit continuously maintains 
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the ¥01 line 122a in a high states line 16 4a remains 
continuously high, and gate 16 6a receives two hlgli inputs 
the second time switch 6 4 is depressed* The resulting 
pulse applied to pin 15 of decade counter 17 4a ganerates 
an output pulse on pin 2 which is applied to the FPG 
bus 180 and to one input pin of each gate 20 0 and 208b- 
20Bg {Fig. 6), 

At this ti^Sy the output from each inserter 204a-"2Q4f is 
low J. so none of the gates 20 8b-20 8f provides an output 
signal in response to the firing pulse on the FPG bus 
18 0 • Eoweve r f ga t e 20 2 pr ov ides a h igh output wh i ch i s 
applied as one input to gate 200» The other inputs to 
gate 200 come frcsri the FFG bus ISO (via line 19 9) and from 
the ATO bus 140 which is maintained in a high state by 
the OR gate 139, Gate 200 is thus active and provides a 
pulse to inverter 206a which in turn activates the bottle 
latch circuit formed by gates 222a and 224a* The output 
s ig n al £r cm g a t e 22 4a i s ap pi i ed to t he ba sa of t r a ns i s to r 
226a r thereby making the transistor conductive and 
energising relay coil EDI* The associate relay contacts 
BDl then completa the 28 volt circuit through the 
detonator bridge 2 3 2a to discharge the nujnber one bottle 
19a* Extinguishant is directed through the open valve 26 
to the cockpit 10 and is applied to the cockpit fire 
through no2;2;les 44* 

It should be apparent that discharge of the ext injgui shant 
bottle cannot occur unless valve 26 is open because line 
164a {i*a, valve latch 144a-i46a '*on" ) and the AVO bus 
140 {i,e. valve 26 energi2;ed and moved to the open 
position^ thus closing the contacts of switch VCIA) are in 
the high state only if there is a signal on the vol line 
i22a indicating that the valve is open* in this manner r 
the circuitry assures that there is a valve open 
before it is possible to detonate any of the bottles* 

If one bottle of extinguishant is insufficient to control 
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the fire, switch 64 can be depressed repeatedly to 
discharge a subsequent bottle for each subsequent depres- 
sion of the switch. When switeh 64 is depressed for the 
third time^ a second firing pulse is applied to the WPG 
5 bus 18 0 in the same manner as the first firing 

pulse* Following the first firing pulse, the output line 
of gate 2 00 reverts to Its nomal high state and provides 
a high input to gate 20 2* The other inputs to gate 2Q2 
are alao high because the output line froa gate 2 24a is 

10 latched in a high state in the absence of a FOR reset 
pulse on line 11 4« Gate 202 thus provides a low output 
which is applied to gate 20 0 such that it is inactive at 
the time the second firing pulse reaches it* However ^ 
gate 208b is active at this time since inverter 20 4a 

15 provides a high input to it and the AVO bus 140 

remains in a high state* Thus^ mu gate 20 8b applies a 
high input signal to fJAS^D gate 21 Ob which has a jiigh 
signal on its other input pin* Gate 210b provides a pulse 
through inverter 206b and activates the latch circuit 

20 formed by ^OR gates 222b and 224b, Transistor 226b is 

then conductive and the RD2 relay contacts close to apply 
28 volts to detonator bridge 23 2b for detonation of the 
second bottle 19b* 

2 5 Bubsequent depressions of switch 6 4 effect detonation 

of bottles 19c-*19g in sequence in the same laanner. Each 
time a bottle is discharged^ the associated detonator 
bridge 23 2a-23 2g is destroyed and the path to ground 
through the corresponding green LED 78a-78g is 
30 interrupted. Each time a bottle is discharged ^ the 

corresponding pressure switch PS 1- PS 7 closes due to the 
pressure drop in the bottle* This c<^pletes a circuit 
path to ground for the corresponding amber LED 80a-80g* 
Consequently/ each bottle that is discharged results in 

3 5 energ illation of the associated amber LED 80a-80g and 

deanery izat ion of the associated green LED ISa-TBg to 
provide a visual indication that the bottle has been 
discharged and is no longer available. 
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Each of the ^^Itches 6 and 82"*84 for the remaining 

f ire ^ones can be depressed once to opan the corresporiding 
valve in the same aiannar described in connection with tlie 
cockpit valve 26 and sufosaquantiy to discharge one or nore 
axt inguishant bottles^ also in the manner described 
previously. The number of bottles that are discharged for 
each depression of the cargo switch 6 6 following the first 
depression depends upon the setting of the volume selector 
switch 72* With reference to Fig* 5, each pulse applied 
to the input pin 15 of the decade counter 17 4b 
associated with the cargo campartment effects four output 
pulses in sequence on output pins 2f 7/ 4 and 6* The 
first two output pulses on pins 2 and 7 are applied 
directly to the FPG bus 180 and thus affect detonation of 
bottles 19a and 19b {or the first two available 
bottles) in saquenca in the ft^anner described previously* 
The output on pin 1 is applied bo line IB 6 and has no 
effect if switch 72 is in the '^full cargo*' setting shown 
in Fig* 7* Bowaver/ if switch 7 2 is set in the empty 
cargo" position^ line 18 6 is connected with line IBS 
and the output pulse appearir^ on pin 1 of circuit 17 4b is 
applied to the FPG bus 180 to effect detonation of the 
third bottle 19c (or the third available bottle)* The 
fourth output pin {number 6) leads to an open circuit in 
the tliustrated form of the invent ion/ and the final 
pulse applied to pin 11 of circuit 17 4to resets the latch 
c ir cu i t f o rme d by g a t es 19 2 a r^l 1 9 4 as does a PO R s ig n al 
on the POU line 114* 

It is to be understood that any or all of the fire 
2;ones can be equipped with a volume selector switch 
similar to switch 72 such that a larger or smaller 
quantity of extinguishant can be appiied for each 
depression of the correspondirg push button switch^ 
depending upon the volume selector switch setting* 
Alsoir any desired number of bottles can be discharged in 
either the "full cargo" or *^ empty cargo" setting of each 
volume selector switch* 
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In the event that one of the valves is open and another 
push button switch 6 4--68 or 82*-84 is depressed, tha 
previously open valve clc^as automatically and the valve 
associated with the push button switch opens* For 
5 example^ if the cockpit valve 26 is open and a fire 

appears in the electrical corapartntant 14, depression of 
the alectrical ccmpartiaent switch 68 closes valve 26 and 
opens valve 38 so that subsequent depression of switch 68 
applies ail of the discharged ext inguishant into the 

10 electrical coiapartment, Vlhen switch 68 is depressed, 
tne V03 line 122c is energized in the manner described 
previously, and^ as shown in Fig. 4, operates the valve 
latch circuit (gates 144o and 146c) associated with valve 
38 r thus opening valve 38, The V03 line 12 2c ( and all 

15 other VO lines except ¥06) also connects with line 156 

(through amplifier 15 4c and the associated capacitor 15 3c) 
to applyv through the capacitor, a pulse which forms one 
input to NAISfD gate 158* Onless the crash line 198 is in a 
high state, the other input to gate 158 through inverter 

20 199 is always high^ and gate 158 and inverter 16 0 

apply a high pulse to line 16 2 which is in turn applied to 
the RES' line 148 to reset all of the valve latch circuits 
{gates 144a"'144e and 146a-146e}* This RES* pulse is only 
momentary (due to the capacitor 15 3c) and closes the 

2 5 previously open cockpit valve 26 and all other 

valves* Tha moi-oentary RES' pulse on line 148 has 
disappeared before the electrical compartment switch 68 is 
released, and the V03 line 122c is thus energised 
subsequent to the RES* pulse in order to open the 
30 electrical compartment valve 38* 

In this fashion, depression of any of the push button 
switches 64-68 and 8 2-- 8 4 closes all valves except for the 
valve associated with the switch that is depressed* If it 

3 5 is desired to open two or M>re of the valves 

simultaneously/ the corresponding push button switches can 
be depressed simultaneously and the desired valves will 
open since the RES' pulse will have passed before the push 
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button switcties are released* 

The PGR line 114 is activated when the syst^ is initially 
provided with power or when placed in the test rttode. As 
5 shown In Fig* 6# the FOR line 114 resets the bottle 

latch circuits farmed by gates 2 2 2a -2 2 2g and 2 2 4a -2 2 4g* 
AlaOf the FOR line 114 resets the latch circuit formed by 
gates 192 and 194 {Fig* 5) and connects with the RES* line 
148 (Fig, 4) to reset the valve latch circuits* 

10 

If a crash of the aircraf t is imminent/ the crash switch 
70 can be pushed once to open all valves and again to 
discharge all of the ext inguishant bottles Into all of the 
fire 2;ones* Depression of switch 7 0 applies 12 volts to 

15 the V06 line I22f which activates OR gate 139 to apply 
power to the A¥0 bus 140 and the green LED gang line 
142* The V06 line 122f connects with the crash line 19 8 
which in turn connects with all of the VO lines 12 2a-122er 
as shown in Fig- 4» The V06 line thus activates all of 

20 the bottle latch circuits to effect energimtion of 

all of the valve solenoid colls ^Cl-^VCS and opening of all 
valves 26/ 30 and 38-42* The holding circuits associated 
with the VO1-V05 lines thereafter maintain all valves 
open* It is noted that when the crash line 19 8 is in a 

2 5 high state, there is a low iiiput to gate 15 8 through 

inverter 199« Once the crash switch is released, the 
other i^put to gate 158 is low because the capacitors 
153a-15 3e are then fully charged. Consequently, gate 158 
does not activate RES* line 148 and the valve latch 

3 0 circuits are not reset when the crash switch is 

pushed. 

The ¥06 line 12 2f activates the latch circuit forttied by 
gates 14 4f and 146f and^ through the drivers 197,r 
3 5 activates line 19 6* As shown in Fig* 7, line 19 6 

leads to ground line 128f through the crash lights 126f ^ 
and the crash lights are energig^ad to light the *VARMED 
P0SH TO DISCHARGE** portion of switch 70 after it has been 
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depressed once* 

The second depression of crash switeh 70 provides a high 
signal on line 164f ^ieh^ in conjunction with the signal 
5 on the CM A* line 124f acti^rates gate 16 6£* Decade 

counter 17 4 f then applies repeated firing pulses to the 
FFG bus 18 Ot and the bottles 19a-19g are detonated in 
sequence by the firing pulses in the i^anner pre^riously 
described ♦ 

10 

If a crash should occur before there is tiaue or 
opportunity to actimte the crash switch 70^ the impact 
switch 246 closes on impact and effects opening of all 
vaivas and detonation of all bottles* Closing of switch 

IS 246 applies power to line 248 and the crash line 

19S* All valves are thus imrttediately opened by the crash 
line as previously described* With reference to Fig* 3/ 
closing of switch 24 6 activates the latch circuit formed 
by gates 250 and 252 only after the 5 (Micro F capacitor 

20 256 has been fully charged* Thus, line 258 is 

energised* but only after a time delay sufficient to 
assure that all of the valves have been opened. As shown 
in Pig* 5^ the signal on line 258 passes through inverter 
260 and is applied to gate 262* Since all valves are 

25 open/ the A¥0 line is in a high state and gate 262 

provides repeated firing pulses to the FFG bus 180 each 
time the clock line 17 6 is cycled high. These firing 
pulses effect discharge of all of the extinguishant 
bottles 19a-19g in sequence and the extinguishant is 

30 directed throughout the aircraft since all valves are 

open* If there is only time to push switch 7 0 once before 
a crash occurs ^ the bottles are all discharged in the same 
manner* 

3 5 It should be understood that extinguishant can be 

automatically applied to the aircraft in the same manner 
in the event of any other preselected event/ such as the 
occurrence of a fire in an aircraft parked on the ground^ 
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in addition to a crash. If a f ira shoijld occur in the 
aircraft/ a smoke or heat (Seteetor senses the fire and> 
after a suitable time delay, automatically effects actlva-- 
tion of the **crash'* sequence ^ thereby discharging all of 
5 the bottles into all of the fire jgones* 

Prior to the takeoff or at any other time> the fire 
protection system can be tested by moving the test- res at 
toggle switch 60 to the **tast** position* power is then 

10 applied to the test line 27 0* A reset pulse is 

applied to the RES line 110 through amplifier 232 in order 
to reset all of the valve latch circuits to the idle 
state* Also, a PGR pulse is applied through amplifier 28 4 
to the BOR line 114 to reset all of the bottle latch 

15 circuits* 

Test line 270 also energises relay coils RTl and RT2* 
Coil RT2 is available for use in a fire detection system 
(not shov?n) » Coil RTl/ when energized in the test m>de ^ 
20 opens its relay contacts RTl (Fig* 6) so that power 
trom the 28 volt bus 8 8 is unavailable to the bottle 
detonator relay contacts RD1-RD7* 

Referrir^ again to Fig* 3r the test line 270 applies one 

2 5 input to mu gate 286* The other input of gate 286 is 

low on line 28 B unless the bottle latch circuit (gates 
22 2g and 224g) associated with the last or Ho* 7 bottle 
19g provides a high output to effect detonation of the Ro^ 
7 bottle {see Fig* 6)* Gate 2B6 thus normally applies a 

3 0 low input to MA^^ID gate 29 0, and a high output results 

from gate 290 and is applied to input pin 3 of flip flop 
circuit 328* The first output pulse from circuit 328 is 
applied to output pin 1 and to AMD gate 33 4a* In the idle 
condition of circuits 330 and 338 ^ lines 340 and 344 are 
35 in the high state, and gate 334a thus provides a high 
input to gate hUU 350a* The other input to gate 3 50a 
comas from the TC line 314. 
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The signal on line 314 comes trcm hMD gate 294 which ^ in 
the test mode, has one high input from test line 27 0 and a 
cycling high/low Input fraa the slo^ (IHz) test clock 
circuit 296* Since line 304 is disconnected from power 
5 due to the opening of the test rela^f contacts RTl {see 
Fig* 6) in the test mxle t line 304 is in a low state and 
providea a low input to inv^erter 29 8 and AUB gate 308* 
The test line 270 pro slides a high input to inverter 300 
and to gate 308* AND gates 302 and 308 provide low inputs 

10 to MOR gate 30 6 which applies a high output as the 

third input to gate 29 4 • The signal on the TC line 314 is 
thus a high /low cycling pulse providing in the low state 
an output from gate 3 50a whichr through inverter 352a^ 
maKas transistor 35 4a conductive to energise the T¥01 line 

IS 356a» AS shown in Fig* 4^ the TVOl line 356a connects 
with ¥01 line 12 2a and causes valve 26 to open as 
descrihed previouslY* Once valve 26 has opened? its 
holding circuit established through contact VCIA maintains 
it open* 

20 

The signal applied to inverter 352a is also applied to 
line 351a and, through capacitor 172a {Fig* 5} to gate 
166a» ^toen the first pulse reaches gate 166a/ line 164a 
is in a low state since the ¥01 line 12 2a is low at that 

2 5 time* However , when the second pulse reaches gate 

166a y line 122a is in a high state (due to the opening of 
the first valve) and line 164a is also high* Therefore^ 
gate 16 6a is active and activates decade counter 174a 
which applies a firing pulse to the FPG bus 18 0* 

30 

The initial firirg pulse applied to FPG bus 18 0 in the 
test mode activates gate 200 and effects closing of the 
RDl contacts* The RTl contacts are open in the test made ^ 
and the 2B volt bus 8 8 is disconnected frcm all of the 

3 5 EDI -ED 7 relay contacts* However ^ 12 volts is applied 

to line 23 4a through the number 1 amber LED line 24 2a, and 
the circuit is completed to ground through diode 236ar the 
c 1 OS ed RDl con t a ct s a nd de ton a to r b r id ge 23 2a * The ambe r 
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LSD SOa asBOciated with bottle I9a is energised ta provide 
a visual indication simulating detonation of bottle 13a in 
the test mode of operation. Only 12 volts is applied to 
bridge 23 2a and the circuit includes the internal resist 
anoe o£ LED SOa and the associated 2,2 Kohm resistor ^ 
so the current passing through bridge 232a is insufficient 
to detonate it* However r this method provides a 
functional Gomplete check of the entire system as it would 
be operated in nonmal conditions and confirming the 
ability of each c exponent to perform its intended 
f unt ion* 

The subsequent pulses which are generated on line 351a by 
the cycling high/low TC line 314 are applied in sequiance 
to circuit 17 4a since line 16 4a ra[^ains in a high 
state due to the constant high state of the VOl line 
122a* The resulting pulses v^ich are applied by circuit 
174a in seqi^nce to the FPG bus ISO close relay contacts 
RD2-RD7 in sequence in the sarae manner as occurs when one 
of the push button switches is de pressed repeatedly* 
Due to the availability of 12 volts through the amber LEDs 
SOb-BOg and the associated lines 24 2b-*24 2g, circuits are 
ccmpleted in sequence through diodes 2 35b-2 36g and 
contacts ED2-*RD7/ and the amber LEDs are energized in 
sequence to simalate detonation of the respeotive 
extinguishant bottles* in each case^ insufficient current 
passes through the detonation bridges to effect 
de tonat ion* 

When the transistor 2 26g associata^ with the number 
seven bottle 19g is energised to simulate detonation of 
bottle i9g, line 28 8 is in a high state> and both inputs 
to gate 28 6 are then high to provide a high input to gate 
290 • The other input to gate 290 cycles high/low in 
accordance with the test clock circuit 29 6 # since the 
cycling output signal frocri gate 294 is applied to inverter 
292 which connects with gate 290. The output signal fro^n 
gate 290 thus provides a pulse that sets flip flop circuit 
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3 28 to the next st^e of operation. 

The output signal from gate 290 is also applied to ^mn 
gate 318* Inverter 3 20 applies a high input to gate 318 
5 which provides a cycling high/low output to amplifier 
3 26* h high signal is thus applied to the POR line 114 
a£ter the capacitor 115 has been charged* The POR signal 
on line 114 resets the bottle latch circuits (gates 222a-' 
22 2g and 22 4a«'224g) after a time delay sufficient to 

10 charge capacitor 115* The output from gate 318 is 
applied to the TC FOR line 324 which^ without delay, 
applies a signal to the RES* line 148 {Fig* 4) through 
line 162/ and the valve latch circuits (gates 14 4a-144e 
and 146a-146e} are reset before the bottle latch 

15 circuits* All valves are thereby closed prior to 
resetting of the bottle latch circuits* 

After the valve and bottle latch circuits have been reset 
and flip flop circuit 328 has been advanced to the next 

20 stage, the next pulse tram circuit 328 is applied to 

pin 2 and causes ASD gate 3 34b to provide a high input to 
MID gate 350b* The cycling high/low state of the TC line 
314 results in an oatput signal fram gate 350b which is 
applied through inverter 35 2b to transistor 3 5 4b, The 

25 TV02 line 256b is then activated, and since it 

connects with the V02 line 122b {see Fig* 4 ) ^ the second 
valve 30 is opened and maintained open by its holding 
circuit. 

3 0 The output from gate 3 50b is also applied to line 

3 51bt which charges capacitor 172by thus generating a 
pulse on one input of gate 16 6b* Since lines 122b and 
164b are inactive at the time of the initial output signal 
from gate 3505? both conditions of gate 166b are not 

3 5 satisfied* The pulse thus opens valve 30 but does not 
apply a firing pulse to the FPG bus 18 0* However, the 
next pulse does result in a firing pulse since the V02 
line 122b and line 164b are in a high state at the time 
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gata 16 6b receives a high signal pulse from 3 51b, The 
signal which is then applied to decade counter 17 4b 
simulates the detonation o£ the first bottle 19 a in the 
manner described previously* Subsequent pulses siiBulate 
5 detonation of the raraaining bottlas I9b-*19g in 

sequence^ and the circuitry then resets all valve iatoh 
and bottle latch circuits before opening the third valve 
38 and simulating the detonation of bottles 19a-19g in 
segtencer resetting ^ opening the fourth valve 40 and 

10 siinulating the detonation of bottles 19a"19g in 

sequencer resetting ^ opening the last valve 42 and 
simulating the detonation of bottles ISa-'lSg and 
resetting* The final test valve open line which is the 
TV06 line 356f opens ail valves via the crash line 19 8? 

15 and via the V06 line, the latch circuit fonaed by 

gates 144f--i4 6fr and drivers 197 energi2;es the crash 
switch lights in switch 7 0 via line 19 6, With the crash 
circuit thus '*armed** by the test sequence ^ the next pulse 
on line 3 51f disoharyas all bottles 19a-19Q through gate 

20 16 6 f FPG circuit 17 4 f and 18 0^ and RD1-BD7 as 

praviously described. Also as previously described ^ when 
bottle latch circuit 222g-224g is active^ a high signal is 
generated on line 28 8 which resets all valve and bottle 
latch circuits while the flip flop circuit 3 28 -33 0-3 38*34 8 

2 5 returnvS to time zero because AMD gate 3 58 decodes the 
end of coimt sequence and generates a re-initializing 
pulse via HOR gate 360 and in inverter 362 on line 500» 
With the test switch still in test^ the next pulse from 
gate 29 0 begins the test saqi^nce again with the first 

30 valve 26* 

Moving switch 6 0 to the **test" position thus generates a 
test sequence which opens all valves one at a time and 
simulates the detonation of all bottles each time a valve 
35 is open. The crash test is also performed ^ and the 

circuitry resets and cycles automatically through the test 
sequience until the test switch 60 is moved to the "off** or 
"reset** position* Each valve that opens durirg the test 
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sequence effecta energization of t.he corresponding 
indicator lights 126a-126e to indicate that the valve has 
actually opened, and the crash lights 126£ are energized 
daring the "crash** portion of the test sequance* Each 
S time the test circuitry opens a valve ^ all 7 green 

LBD*s are indicating that the current path through each 
bottle initiator 232a-"23^ is operable. The test circuit 
tlien energises the corresponding amber LED 8 0a-8 0g as each 
detonate circuit is activated to indicate that the current 

10 path through the corresponding detonator circuit is 

available If needed to ccmbat a fire* All latch circuits 
are reset when the system is taken out of the test mode 
since test line 27 0 than reverts to a low state and a 
reset pulse is generated on RES line 110 through in\rertar 

15 27 2 and amplifier 278 and a FOR pulse is generated on 
POE line 114 through inverter 272 and axnplifier 276* 

As previously indicated, gate 306 provides a high output 
in the test node. Inverter 310 thus provides a low input 

2 0 to gate 312^ and the other input signal is the 

high/low cycling output ttcm gate 294« The result is that 
line 316 is cycled between high and low states* 
Consequently the aiiiber light 62 on the control panel 
flashes on and off to provide a visual indication that the 
25 system is operating in the test iriode^ 

If the syst^ is placed in the test mode of operation and 
the test relay for some reason malfunctions and fails to 
open the test relay contacts RTl * the amber light S2 is 

3 0 constantly on to indicate the presence of a fault in 

the system* If the RTl contacts remain closed ^ line 304 
(ifigp 6) is in a high state since it is directly connected 
with the 28 volt power bus 88* ks shown in Fig. 3^ line 
304 connects with inverter 29 B which then provides a lov*? 
3 5 i np u t to ga t e 3 02/ r es ul t i ng in a 1 ow i np u t to ga t e 

30 6* The other input to gate 30 6 comes from gate 30 8 and 
is high because lines 27 0 and 3 04 are both in a high 
state* The output tram gate 306 is thus low, and the 
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output frcm inverter 310 is high to pro^^ide a lev? output 
on line 316 fro^H gate 312, since the opposite side of the 
amber light 62 is connected with +12 voltSf light 62 is 
steadily energi^^ed when line 316 is in a constant low 
5 state, and the light \risyaily indicates that there is 
a fault in the system* Alsor the low output of gate 306 
is connect ed to gate 29 4, This pre^^ents passage of the 
test pulse frcm clock 29 6 and thus stops the test seqijence 
to prevent inadvertent discharge of bottles 19a-19g* 

10 

Another potential fault condition exists if the syst^ is 
out o£ the test mode but 28 volts is not available to the 
bottle detonator circuits, due to the £ailure of the test 
relay contact a ETl to close or for any other reason* The 

15 amber light 62 again is ene3^i2;ed constantly in this 

situation to indicate the presence of a fault condition* 
The lack of power to line 3 04 places it in a low state, 
and inverter 298 providas a high input to gate 302* The 
other input to gate 302 comes trcm inverter 300 and is 

20 also high since the test line 270 is in a low state. 

Gate 302 thus provides a high signal to gate 306 which in 
turn provides a low input to the inverter 310* The 
resulting high ii^ut to gate 312 places line 316 in a 
constantly low state and energiises light 62 to provide a 

25 steady visual indication of the fault so that 
corrective Hseasures can be taken. 

It is thus apparent that the fire protection syst^ 
permits extinguishant material to be applied in the 

3 0 necessary quantity to eKtinguish a fire in any of the 

fire zones of the aircraft, and that the extinguishant is 
directed to the appropriate location through the valves 
which are accurately controlled by the circuitry and 
opened before the ext ir^ulshant bottles are detonated^ At 

35 the same time, all of the controls are conveniently 

located on the control panel 5 4, and only one switch must 
be depressed to extinguish a fire in any one fire zone^ 
The **ARHED'* indicator lights that are built into the push 
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button switches indicate the status of each valve, and the 
bottle lights 7 8a-*78g and 8 0a--8 0g indicate the status or 
availability of the individual ext ir^uishant bottles i9a- 
19g* 

5 

The test circuitry is opera tad as easily as the controls 
which actually apply extinguishant to a fire/ and the 
siiaplicity of the test procedure increases the likelihood 
that the system will be tested freqt^ntiy to enhance its 
10 reliability* The test itK>de requires only that a 

single switch {62) be moved and results in an easily 
obser%?ed indication that the system is in test, that each 
valve is actually opened r and that each bottle detonator 
circuit and the bottles are in working condition. 

15 

The test circuitry also displays faults in the control 
panels and it s lantps^ valves / bottles and coraputer 
module. The lamps are visually inspected as the test 
sequence operates* A valve that fails to open is shown by 
2 0 the corresponding control panel switch "armed" light 

flashing on and off as the test pulses attempt to activate 
the failed valve « A valve that is stuck open when 
deenergi2:ed displays a steady "armed" light in its 
correspondir^ central panel switch* A faulty bottle is 

2 5 shown by its corresponding green LED not being 

iliuminated at the time any valve is open but its 
corresponding amber LED illuminating in sequence by the 
test circuit. An empty bottle is shown by the 
corresponding amber LED being on at all time and the 

3 0 corresponded green LED failing to illuminate when any 

valve is opened* A computer module fault with the test 
relay is shown by the flashing amber LED becoming steady^ 
and if in **test" the test sequence stops* 

33 Figs. 9 and 10 depict an alternative form of the 
invention which is in many respects Bimilar to the 
ambodiment described previously* Ccmponents in the second 
err^odiment that are identical to or similar to components 
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foiinS in the first embodiment are referred to by the same 
nuHierals in Figs* 9 and 10 as are used in Figs. l^B* 

The embodimont- of Figs* 9 and 10 is simplified somewhat 
and is intended for use in an aircraft having only a 
small number o£ Eire zones si^ch as three,, for exaHipler 
namely a left engine compartiaent (engine No* 1)/ a right 
engine caapartment (engine lao* 2) and a cabin area* As 
shown in Fig* 9, only five bottles of axtingmshant 
material {19a-19e) are provided in the aircraft^ 
althougti a greater or smalier number of bottles is 
possible* The bottles connect with a ccmKon manifold line 
2 2 which leads to the inlet port of a three way soienoid 
valve 500 {valve Uo» 1)* Wien the coil of valve 500 is 
deenergi^edr the deenergi^ed port (DE) is connected 
with the inlet port^ and incoming extir^uishant is 
diracted into the cabin of the aircraft* The energised 
port (E) of valve 500 connects with a line 502 leading to 
the inlet port of another three way solenoid valve 504 
(valve no* 2)* The deenergized port (DB) of valve 504 
applies extinguishant to the left engine co^apartir^nt , and 
the eneirgised port (E) applies extinguishant to the right 
engine compartioant* 

In this manner, the two three way valves 500 and 504 
control the flow of extinguishant to three fire zones* It 
should be pointed out that the system of Figs* 9 and 10 
can also be employed with two way valves* In this case^ 
as will be explained nKjre fully> each fire ^one has a two 
way valve connected with the common manifold line 
22* Components that are not present when three way valves 
are used are enclosed by broRan lines and com pone nts that 
are not present when two way valves are used are encl<^ed 
by solid lines* 

Referring now to Fig, 10a/ the fire protection system 
xncludeB a power supply of the same type described 
previouslyr and the same reference numerals are used in 
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Fig. i Oa to designate slMilar ccmpojaents* Sach fire zone 
has a push button switch similar to those shown in Fig* 2 
and associated circuitry similar to that of Fig, 7* ThuS/ 
when the respective push button switches are depressed, a 
5 VO'-i line 1223/ a VO-2 line 122b and a VO-cabin line 
122c axe provided with power (see Fig,. 10d)» With 
continued reterence to Fig, lOd^ the VO-1 line 122a leads 
to a valv^e latch circuit formed by gates 144a and 146a, 
and the VO^-l line 122b connects with a valve latch circuit 

10 formed by gates 144b and i4&b. The VO-cabin line 122c 
connects with a three input AMD gate 506 having on its 
output line inverter amplifiers 508 and 510 which connect 
with a valve latch circuit formed by gates 144c and 
i4&c* The other two inputs to gate 506 are on valve idle 

15 lines 542 and 5 44 (VIDL-1 and ¥IDL™2) that are 

energized when the respective valves 500 and 50 4 are idle 
or deeneigi^ied* The cariponents within the solid box 511 
are omitted if two way valves are employed rather than 
three way valves* 

20 

As shown in Brigs* 10a and lOd^ the VO--i line leads to a 
junction SI 2 which connects through a 4*7 mt capacitor 514 
with an amplifier 516 applyii^ its output to the RES* line 
148* Similar/ the VO-2 line leads to a junction 518 which 

2 5 connects with the RES* line 148 through a capacitor 

520 and an aiJiplifiar 522. K junction 524 connected with 
the VO— cabin line connects with line 148 through a 
capacitor 52 6 and an amplifier 5 28. 

30 When the Mo ^ 1 valve 5D0 is energised # a high signal 
is applied to a VQ--1L line 530 which connects with 
junction 512 through a diode 5 32 and a normally closed 
relay contact RV-2B (which is oxaitted when two way valves 
are employed # as indicated by boK 533) * A VO-2L line 534 

3 5 is energized when the Ua ^ 2 valve 50 4 is energi^ied. 

Line 5 34 connects with junction 513 through a diode 5 36* 
A VO-3L line 5 38 vwtiich is energised when both valves 50 0 
and 504 are deenergiisad connects with junction 524 through 



0170749 



^4 0- 

a dloda 5 40* As indicated by box 5 41^ diode 5 40 is 
replaced by a jumper whan two way valves are used* The 
WO-ll^r W)"2L and lines provide holdingi eir cults tor 

the valv^e latehes in substantially the same manaer 
described previously in connection with the first 
einbod ime n t of the i n van t ion » 

Fig* lOe illustrates the transistors i50a and 150b which 
energize the relay coils RV-1 and EV-2 having the 
corresponding contacts which ccmplete the VC-1 and VC- 
2 line^/ respect iveiy* The and lines energii^e 

valves 500 and 504^ respectively* The relay and VC-3 

line are not present when three way valves are used^ as 
shown by the dashed box 5 4 2/ although they are used when 
two way valves are employed^ as will be explained wore 
fully. The emitter of transistor 150c connects with the 
CAL (cabin light) line 54 3 which lights the "ARMED*' half 
of the cabin switch when eneigi^ed* 

Fig* 10b illustrates the latch circuits formed by 

gates 16 8a and 17 Oa, 16 8b an^ 17 0b and 16 8c and 17 0c that 

connect with the left engine LE-A and I^-A* lines il8a and 

124ar the right engine RE-A and RS-A' lines 118D and 124b 

and the cabin CA-A and CA-A* lines 118c and 124c^ 

res pe ct ive ly * 

As previously desoribedjr y^h^n the corresponding push 
button is depressed, these latches apply pulses to gates 
166a- 16 6c through capacitors i7 2a-17 2c* The other inputs 
to gates 166a— 16 6c are applied on the valve latch 
output lines 16 4a-16 4c which are tied to ground via the 
capacitors 16 5a-16 5c* Gates 16 6a-166c connect with 
respective circuits 17 4a-i7 4c receivir^ clock inputs on 
line 17 6 frc^ the firing pulse clock circuit 178* The 
output pulses from circuits 17 4a-17 4c are applied to 
the FPG bus ISO* A three input AMD gate 54 5 (not present 
if three way valves are used) connects on its output side 
with FFG bus 180 and on its input side with lines 140, 176 
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a nd 5 81 . 

The firing palses which detonate tue axt irsguishant bottles 
are generated somewhat differantiy in the Figs* 9 and 10 
system* Referring to Fig* 10c, the pulses applied to 
the FPG bus 180 are applied to the clock input of a bottle 
sequence counter circuit {BSC) 546 having its clock 
inhibit input tied to an AVO line 548* The AVO (an 
inverted active hVO) signal c ernes trcm the AVO {any valve 
open) bus 140 through an inverter 550 (Fig. lOh)* the 
reset pin of circuit 546 is tied to an AMD gate 5 51 
receiving inputs from the FOR line 114 and from the output 
line 2 22a» 

When the AVO line is low {high hVO) f the bottle 
sequence counter 546 responds to the pulses on the FPG 
line 18 0 and applias output pulses in segue nee to bottle 
latch circuits formed by the gate pairs 222a and 2 2 4a -2220 
and 2 24e. As shown in Figs* 10c and lOf together^ the 
bottle latch circuits in turn activate transistors 
226a-226e to energize the detonator relay coils RDl-RDS^ 
thus clewing the associated relay contacts RD1-ED5 to 
^PP-iy 28 volts to the detonators of the respective bottles 
19a-19e through the normally closed RTl relay contacts^ 
all as described previously« 

ReferrinEj now to Figs. lOd and 10©^ the output line from 
the No. 1 valve latch circuit is applied through a diode 
to the AVO bus 140 which also connects through an aiBpli 
fier 552 and diode 5 54 to the green LED gang line 14 2 
(iWO-aaE£H LBDB). The output lines frcm the iQo. 1 and iSfo. 
2 valve latch circuits connect with the input lines of an 
AMD gate 5 56 having its output line tied to the base of a 
transistor 558* When transistor 558 is active^ it 
energizes the relay coil which opens the 

contact in the VO-lL line 5 3Q* The output line of the no^ 
2 valve latch circuit is tied through a diode 560 with the 
output line of the £^o* i valve latch circuit* The 
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components with! it the box 5 62 a.ra o^tiittM when two way 
valves are used in th<^ fire protection system. 

When the crash push button (not shown} is depressed^ a 
high signal is applied to the CRASH- A' line 564 and to 
a latch circuit 566 fomed by two HOR gates {Pig* lOd)* 
The CHASH-'A line 56 8 provides one input to the lower 
gate* The output from latch 566 connects through a 
oapacitor 570 with a NAHD gate 572 recei^/ing its other 
input from the VO-IL line 530* The second input to 
gate 572 is grounded by a 4*7 mt capacitor 5 73* After 
being inverted at 574? the output from gate 572 is applied 
to a latch circuit 57 6 having another input on the reset 
line 110* The output frcm latch 576 is on line 578 which 
is connected to the clock inhibit input of a crash and 
test sequence counter circuit 580 (Fig, iOe)* The second 
output frcm latch 576 is on line SBl ^ich is not used if 
three way valves are employad in the systan* 

Also connected with the input of latch 57 6 is one 
output line of another latch circuit 582 having an 
inverter 584* A grounded capacitor 585 is connected 
between inverter 584 and latch 576» The other output froca 
latch 582 is on line 586 which is not present whan three 
way valves are used r as indicated by b ok 588* The 
inputs to latch 582 are on the RES* line and on line 59 0 
which goes high when the gravity or impact switch (not 
shown) closes upon crash of the aircraft* A capacitor 591 
connects line 590 to ground to assure that latch 582 will 
be activated only by an actua crash and not by 
mome nta ry c los i ng of the impa ot swi tc h * 

The CmBH-A' line 564 and the output line of inverter 584 
connect with one input of a latch circuit 592 having the 
RBS* line 148 tied to its other inputs The output 
trcm latch 592 is applied through an inverter 594 to the 
crash switch light line 19 6 ^ich lights the ^^ARMED" half 
of the crash switch as previously expiainad. The output 
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from inverter 5 94 is also applied through respect xs^e 
diodes 596 ^ S98 and 600 to the VO-IL, VQ-lh and VO'-SL 
lines 530^ 5 34 and 5 38, Diodes 598 and 6 00 are eliiEinat^ 
wben two way valves are tised* 

5 

h test clock circuit 602 (Fig* lOg) appiies clock pulses 
to a teat clock iiiie 604 which is tied to the clock input 
ot the crash and test sequence counter 580r as shown in 
Fig, iOe» The test clock pulses are at times absorbed by 

10 a pair of flip flop circuits 6 06 and 608* Line 6 04 is 
connected through diodes 610 and 612 with the Q output 
pins of the respective circuits 606 and 6 08* The reset 
pins R of circuits 606 and 608 are connected with lines 
614 and 616 which, as shown in Fig. 10c, are activated by 

15 transistors 618 and 620 when the respective RDl and 

RD2 relay CDntacts close to detonate the !Sfo, 1 and no* 2 
bottles* 

The application of test clock pulses to circuit 5 80 
2 0 result s in sequential output pulses 1^9 therefrom. 

The initial pulse reaches the VO-1 line. The second pulse 
is applied through a diode 622 to the FPG bus 180. The 
second pulse is also applied to line 624 which connects 
with one input to an AUD gate 626 and with the clock input 

2 5 of circuit 606* The other input to gate 626 ccmes 

jErom the VO-lL line 530 through an inverter 628* The 
output fron gate 6 26 is applied through diode 6 30 to a 
line 632 connecting with the pin of circuit 580 on which 
the eighth pulse appears. Line 632 provides one input to 
30 a three input ABD gate 634 having its other input pins 

tied to the FPG clock line 17 6 and the A¥0 line 140* The 
output signal froai gate 634 is transmitted to the FPG bus 
180 through a diode 6 36* 

3 5 The third output pulse frcm circuit 5 80 is applied to 

the RES' line 148 ^ as is the sixth pulse* The fourth 
pulse appears on the line* The fifth pulse is 

applied through a diode 6 38 to the FPG bus ISO and. 
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upstream o£ the diode> to an AND gat^ 640 and the clock 
input to circuit 608, The other input to gate 64 0 comes 
frcm the line 5 34 through an Inverter 6 42* The 

output from gate 640 is applied through diode 644 to line 
5 632* The seventh pulse £ram circuit 580 appears on 

line 53Bf the eighth pulse appears on line 632^ and the 
ninth and final puisa is applied to the clock inhibit pin. 

Referring now to Fig* lOgf the test line 270 which is 
10 energised upon activation of the test switch is 

connected to one input of a HAND gate 6 48* The second 
input to gate 648 comes on the 28 volt line 649 to which 
-^28 volts is applied through the RTl relay contact b* Gate 
6 48 is arranged with another HA^D gate 6 50 to provide an 
15 inclusive OE gate generally indicated at 652, The 

output line 654 of the inclusive OE gate 6 52 connects with 
a fault line 65 6 through a pair of inverters 658 and 
6 60* The fault line connects with ground through an LED 
662* A UPMD gate 664 receives inputs on lines 270 and 604 
2 0 and provides its output to an inverter 666 which in 
turn provides its output to line 654* 

The test line 270 connects with a conductor 668 extendijrig 
between lines 614 and 616/ as shown in Fig- lOe. Line 668 

2 5 has a pair of diodes 6 70 and 6 72 on opposite sides of 

its junction with line 27 0. 

The fire protection system shown in Figs* 9 and 10 is 
placed in operating condition by closing the circuit 

3 0 breaker {not shown) that connects the power supply 

with the 28 volt lines 3 6 and 88* The voltage regulator 
then provides power for the 12 volt bus 102 and applies a 
reset pulse on the EES line 110 through capacitor 108 and 
amplifier 106 and a FOR pulse on line 114 through 
35 capacitor 10 8 and amplifier 112* Again ^ the EES and 
PGR pulses that pass through capacitor 108 generate a 
signal on EES' line 148 {Fig* 4) v^Aiich resets the valve 
latch circuits* 
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jn operation of the fire protection system^ a fire in any 
o£ the designated fire zones is either detected by a 
suitable detection system or is sensed by the pilot of the 
aircraft or other personnel* In the ev^ent o£ a fire in 
5 the left angina ccmpartmentr for example ^ the left 

engine switch is pushed once to arm the system by opening 
vaiTO 500 and is pushed subsequently one or more times to 
discharge one or woxb of the axtinguishant bottles in 
order to apply ext ingui stiant to the lef t engine 
1 0 c osE pa r timn t * 

Depression of the left engine switch applies -^12 volts to 
the vol line 12 2a and lights the "ARMED*' half of the 
switch in the manner indicated previously^ The VOl line 

15 connects via junction 512 with capacitor 514 and 

amplifier 516 to apply a pulse to the REB* line 148 which 
resets all valve latch circuits. The VOl line 122a also 
applies power to the latch circuit formed by gates 144a 
and 146a* Although this latch circuit receives the reset 

20 pulse, the push button switch r^ains depressed after 

the reset pulse has disappeared* The high output fro^i the 
tlo* 1 valve latch circuit is applied to the base of 
transistor 15 0a to make the transistor conductive* Relay 
coil EVl is thereby energi^Bd^ and the Rvi relay contacts 

2 5 connect ^2B volts with the VCl line to effect opening 

of the ^o, 1 valve 500, 

When t^he No* 1 valve Is energised , -fl 2 volts is applied to 
the VO^IL line 530 ^ich in turn connects with the VOl 

3 0 line 122a through the normally closed relay contacts 

EV'-2B^ This c ample tes the hoi di ng circui t ^ ich bypas ses 
the left engine switch and thereafter maintains valve 500 
open when the left engine switch is released following its 
initial depress ion + The holding circuit maintains power 
35 on the VOl and VCl lines until the RES* line 148 is 

energit^ad to reset the latch circuit formed by gates 144a 
and i46a» 
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Ttie high output from the Mo* 1 valve latch circuit is 
applied to the AVO bus 140 and through amplifier 5 52 and 
diode 5 54 to the green LED gang line 142, A currant |>ath 
to ground is then completed through the green LEDs and the 
5 bottle detonator circuits* If any of the 

oxtinguishant bottles has been used^ its detonator bridge 
will be broken to break the circuit that would otherwise 
energise the corresponding green LED* ThuS/ the green 
LEDs that are energized on the control panel indicate 

10 which bottles are available* and the absence of a 

green light for a particular bottle indicates that such 
bottle has already been used and is unavailable^ all as 
described previously* Again^ the current passing through 
the detonator bridges is relatively small and is 

15 insufficient to detonate the bridges* 

DepreaBion of the left engine switch applies 12 volts to 
the LEA* line (designated 124a in Fig* iOb)^ ^nd the 
signal on line 12 4a is applied to gate 17 0a to activate 

20 the associated latch circuit. A pulse is thereby 

applied momentarily through capacitor 172a to gate 16 6a» 
The capacitor 17 2a quickly becomes charged ^ and the high 
input signal to gate 166a is then removed since current no 
longer passes through the charged capacitor* The other 

25 input to gate 166a comes from the valve latch circuit 
via line 164a and is delayed until capacitor 16 5a (Fig* 
lOe) is fully charged. Due to the relatively large 
capacitance ot capacitor 165a (4*7 micro F) compared to 
that of capacitor 172a (.002 micro F) the mox^ntary high 

3 0 signal applied to gate 16 6a through capacitor 17 2a is 
no ioncpr present when the high signal on line 16 4a 
reaches the other input of gate 166a* Consequently ^ there 
is no output generated from gate 16 6a upon initial 
depression of the left engine switch^ and decade counter 

35 174a remains inactive and does not apply a firing 
pulse to the FPG bus 18 0* 

However r when the left ermine switcii is depressed a B0coiyi 
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t ime f the LEA * line 124a i s o n ce ag a x n e ne rg i z a d a nd a 
second momentary high signal is applied to gate 166a 
through capacitor 17 2a* since the holdiag circuit 
continuously maintains the VOl line 12 2a in a high state, 
5 line 164a remains continuously highf and gate 166a 

recei'^es two high inputs the second time the left engine 
s wi tc h i s de pr es sed • The r es ui t i rg p ui s e ap pi i ed to 
decade counter 17 4a generates an output pulse v^ich is 
applied to the FFG bus IBO and to the clock input of the 
10 bottle seqmnce counter 54 6 {Fig* 10c)* 

At this time^ the AVO bus 140 is in a high state and the 
AVO line 548 provides a low signal to the clock Inhibit 
input of circuit 546* The output pulse which is applied 

15 to the bottle latch circuit £ormed by gates 22 2a and 
224a activates the latch and transistor 226a, thereb]^^ 
making the transistor conductive and energii^ing relay coil 
RDl* The associated relay contacts RDl then complete the 
28 volt circuit through the detonator bridge of the number 

20 one bottle 19a* Ext irguishant is directed trom the 

detonated bottla through the energized valve 500 and out 
the de energized port of valve 5 04 to the left engine 
coitipar tment of the aircraft, 

25 If one bottle o£ ext ir^uishant is insufficient to 

control the £ire^ the left engine switch can be depressed 
repeatedly to dischai^ge a subsequent bottle for each 
subsequent depression of the switch^ due to the sequential 
pulses applied by circuit 546 to the successive bottle 

30 latch circuits* As previously described, the 

associated detonator bridge is destroyed each time a 
bottle is discharged, and the path to ground through the 
corresponding green LED is interrupted. Each time a 
bottle is discharged/ the corresponding pressure switch 

3 5 closes due to the pressure drop in the bottle. This 

completes a circuit path to ground for the corresponding 
amber LED* ConBequently r each bottle that is discharged 
results in energisation of the associated amber LED ana 
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deenerg Iz^ation of the associateci green LED to provide a 
^risuai indication that the foot tie has been discharged and 
Is no longer avaiiable* 

5 It is to be understood that arty or ail of the fire 
jsones can be equipped with a volume selector switch 
similar to the switch 72 described in connection with the 
first fom of the invention* AleOr any desired number of 
bottles can foe discharged in either the **full cargo'* or 

10 "empty cargo** setting of each volume selector 

switch* It should be further noted that one or more 
additional output lines of circuits 17 4a'- 17 4c can be 
connected with the FPG line 18 0 such that two or more 
bottles will be detonated due to the sequential pulses 

15 applied to the FPG line for each Bwitch depression 
after the first* 

In the event of a f ire In the right engine campartment ^ 
the right engine switch is depressed to apply power to the 
20 ¥02 line i22b. The path through junction 518, 

capacitor 520 and amplifier 522 e£ foots a momentary pulse 
on the RES^ line 114 to reset all valve latches. The V02 
line connects with the Mo. 2 valve latch formed by gates 
144b and 146b to activate tramistor 150b and relay mi-l , 

2 5 thus energ idling the VC 2 line to energi2;e the solenoid 

of the no^ 2 valve 5 04, The output signal frosi the Mo* 2 
valve latch circuit is also applied through diode 560 to 
transistor 150a (see Fig. lOe)^ and the No* 1 valve is 
thereby energised while in effect bypassing its valve 

3 0 latch circuit {gates 14 4a and 146a)* 

In this manner / depression of the right engine switch 
energises both valves 500 and 504 to provide an 
eKtinguishant path to the right engine compartment* The 
3 5 energizing of valve 504 makes the ¥0-2L line 5 34 high 
to provide a hioidii^ circuit for the no^ 2 valve latch 
circuit {gates 14 4b and 146b) after the right engine 
switch is released* Although the VO-IL line 530 is in a 
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nigh state due to energising of the ^o* i val^e 500^ the 
relay contact EV-2B is now open to prevent activation of 
the No, 1 valve latch circuit* The output signal from the 
NO. 2 valve latch circuit is applied to the lov^r input of 
5 gate 5 56 and also to its upper Input via diode 560* 
Transistor 558 is then made conductive by gate 556 to 
energiise the relay coil/ thus opening the normally 

closed RV*-2B contact in line 530. 

10 Once both valves 500 and 504 have been energized, 

subsequent depress ions of the right engine switch provide 
nigh signals on the REA- line {designated 124b) r and 
circuit 17 4b provides firing pulses to the FFG bus 180 to 
detonate a bottle for each depression of the switch in the 

15 nfianner da scribed earlier* The AVO line 140 goes high 

when the ^lo* 2 valve latch circuit is activated and only 
remains high if the Mo, 2 valve has actually moved when 
energis^edr and the AVO line 5 48 is thus lev? to avoid 
inhibiting the bottle sequence counter 546* The green LED 

20 line 142 provides power to anergize the green LEDS of 
a va i 1 ab ie bot tie s 

If there is a Sire in the oatainr the cabin switch is 
depressed to anergize the vo-cabin line 12 2c* Junction 

2 5 524^ capacitor 526 and amplifier 528 provide a circuit 

path to the RES* line 148 such that a reset pulse resets 
all valve latch circuits* Diode S40 isolates junction 524 
from the Uo^ 3 valve latch circuit formed by gates 14 4c 
and 146c, If both valves 500 and 504 are daenergized as 
30 they should be by the reset pulse/ the valve idle 

lines 542 and 5 44 provide high input signals to gate 
506, Since the VO-cabin line 12 2c remains high while the 
c ab i n sw i to h r ema i ns de pr as sed , ga te 50 6 is ac t i ve to 
activate the **l!^o, 3" valve latch circuit (gates 14 4c and 

3 5 146c) via amplifiers 5 08 and 510 and line 5 38* 

The output signal from the No* 3 valve latch makes 
transistor 150c conductive to apply power to the CAL line 
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543 which lights the "AEMED^ hai£ o£ the cabin switch. 
AlsOr line 164c is energiEed to permit bottie detonation 
when the cabin switch is subsequently depressed* Line 6 09 
provides a "false" AVO signal to the AVO line 140 even 
5 though both valves 500 and 5 04 are actually 

deenergi:^ed* The ¥0-'3L line 538 provides a tolding 
circuit to maintain the No* 3 valve latch circuit 
activated after the cabin switch has bean released* 

10 When the cabin switch is depressed again^ the CA-A* 

lin© {designated 124c) goes high to detonate the first 
available bottle via circuit 17 4c and the bottle sequence 
counter 546 as previously described* Since both valves 
500 and 504 are deenarg izted ^ the ex t ing uishant is directed 

15 into the cabin of the aircraft through the deenergitsed 
port of valve 500, It stould be pointed out that unless 
the AVO line 140 is energized (due to energi;2ing of one or 
both of the valves 5 00 and 504 or due to the "false" AVO 
signal on line 609) the AVO line 548 will be high to 

20 inhibit circuit 546 and thereby prevent the detonation 
of any bottles* 

Mhen the crash switch la depressedr the crash-A'^ line 564 
is energized to activate latch circuit 592 (see Pig, 

2 5 1 Og ) * The 1 ow output s ig n ai f r cm ia to h 5 92 is 

inverted by the inverter 594 and applied through diode 596 
to the VO^IL line 530 and through diode 532 and the RV-2B 
relay contact to the VOl line^ thereby activating the No* 
1 valve latch circuit to effect energising of valve 500* 

30 The holding circuit provided by the VO-liL line 530 

thereafter holds valve 500 open. The output from inverter 
594 is also applied to line 196 to light the "AHHED" half 
of the crash switch* 

35 The crash-A' line 564 also activates latch 566 (E'ig* 

lOd) to apply a momentary pulse through capacitor 570 to 
gate 5 72, However ^ capacitor 5 73 delays the puiae which 
is applied trcm line 530 to the other input of gate 572/ 
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and by the tijEe capacitor 5 73 is charged the pulse 
applied through capacitor 57 0 has disappeared. ThuS/ gate 
572 is not activated upon initial deprassion of the crash 
swi tch. 

5 

The second depression of the orash switch does activate 
gate 572 because capacitor 573 is fully charged when the 
second pulse fron capacitor 570 reaches gate 572* Then^ 
the high output provided by inverter 574 activates latch 

10 circuit 51 Sf and its low output on line 578 goes to 

the clock inhibit input of the crash and test sequence 
counter circuit 580^ thus permittir^ circuit 580 to 
respond to the clock pulses applied on line 604 by the 
test clock 602 (Fig» 10g)« Prior to the second depression 

15 of the crash switch^ line 57 E is high to inhibit 
circuit 580* 

The first pulse from circuit 580 goes to the line 
which is already energized. The second pulse is applied 
20 through diode 622 to the FPG bus 18 0 and to the bottle 
sequence counter 546 {Fig* 10c), Circuit 546 then 
detonates the Mo* 1 bottle in the usual manner/ and its 
contents are applied to the left engine ccmpar tment* The 
resultant activation of transistor 518 provides a reset 

2 5 pulse on line 614 to flip flop circuit 606* Delay of 

this reset pulse can toe effected in any desired manner. 
Prior to thus being reaetr the Q output of circuit 606 was 
low due to the input on its clock pin from line 624» 
Consequently^ circuit 606 is reset to permit the clock 

3 0 pulses on line 604 to pass only after detonation of 

the bottle. 

The third pulse from circuit 580 resets all valve latohos, 
and the fourth pulse goes to the line to enargi2;e 

35 both valves 500 and 504* The fifth pulse goes to the 

FPG line 180 to detonate another bottle and discharge its 
contents to the right erKjine canpartment. The fifth pulse 
is also applied to the clock input of circuit 608/ making 
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its Q output low to prevent passage of subsequent clock 
puises on line 604 until circuit 608 is reset by the 
delayed reset pulse that appears on line 616 due to 
activation of transistor 620 whan the exti nguishant bottle 
5 la de to nated « 

The seventh pulse trcm circuit 580 is applied to line 538 
to activate the "Ho* 3** valve latch circuit, thus 
deenarg i2iing both valves 500 and 504 and generating a 

10 ** false" AVO signal on line 140* The eighth pulse goes 
to gate 634 which, since the hVO line 140 is high^ 
provides output pulses under the control o£ the cycling 
FPG clock line 17 6* These output pulses pass through 
diode 63 6 to the FPG bus 180 and effect detonation of the 

15 remaining bottles in sequence into the cabin* The 

ninth and final pulse goes to the clock inhibit input to 
circuit 580 to terminate its cycle* it should be 
understood that the crash sequence can be isodified to 
apply ext inguishant In any desired qmntity to the fire 

2 0 3ones in any desired sequence* 

In the event of a malf unction result ir^ in the failure of 
the Ho, 1 valve 500 to properly openi. the signal applied 
to inverter 628 on the VO-lL line 530 is low since the No* 

25 1 valve did not actually open^ gate 626 then receives 

a high signal frm inverter 628 and another high input on 
line 624 when the second output pulse is ganerated by 
circuit 580* Gate 626 then applies a high input through 
diode 630 to gate 6 34* The AVO line 140 is high since the 

30 Uo* 1 valve latch circuit is activated even though the 
valve did not open^ and gate 63 4 then provides output 
pulses in sequance with the FPG clock line signals* The 
bottles are thereby detonated in sequence and are all 
discharged into the cabin* 

35 

If the No* 2 valve 5 04 should malfunction and fail to open 
in res|K>nse to the fourth output pulse frosB circuit 580 ^ 
the VO*2L line 5 34 remains low and the holding circuit it 
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is intended to provide for the No* 2 valve latch is not 
cc^pleted* As a result ^ the No* 2 valve latch is 
deactivated as soon as ttiB fourth pulse from circuit 5 80 
passes r and the No* 1 valve is no longer held enargigied by 
the No* 2 valva latch circuit* Thus, when the fifth 
pulse frojB circuit 580 appears , both valves are 
deanargized* The fifth pulse provides one input to gate 
640, and the other input is provided as a high signal from 
inverter 642 and the low V0-2L line 534* 

The output frcm gate 6 40 passes through diode 6 44 to gate 
6 34* The input on the AVO line 140 is high because the 
capacitor 6 91 has not yet discharged fully and gate 634 
thus provides output pulses to the FPG bus in sequence 
with the fPG clock line 17 6* Consequently ^ all 
remaining bottles are discharged into the cabin* In this 
manner, a malfunction in either valve 500 or 504 advances 
the crash systam to the cabin and effects discharge of all 
remaining bottles into the cabin area of the aircraft* 

In the event of a crash of the aircraft^ the impact switch 
(not shown) closes to energize line 590 (Fig, lOd) once 
capaoitor 591 is charged* Latch 582 is then activated and 
provides a low input to inverter 5 34 which is transmitted 
as a high signal through diode 697 to latch 592 (Fig, 
lOg). Activation of latch 592 provides a high signal from 
its inverter 594 which lights the crash switch lights via 
line 196 and energizes the VO-IL line 530 through diode 
5 96* This energisjes the Ko* 1 valve 500 via the VOl line 
and the i^o* 1 valve latch circuit* 

The high output tram inverter 5 84 reaches latch circuit 
576 only after a time delay provided by capacitor 585 
sufficient to allow the No* 1 valve to open. Then, latch 
576 is activated to provide a low signal on line 578 
which is applied to the clock inhibit input pin of the 
crash and test sequence counter 580. Circuit 5 80 is then 
placed in operation to respond to the test clock pulses in 
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the manner previousiy described* Again^ a malfunction in 
either val\re results in discharge o£ the rejBaining 
ext irguishant bottles into the cabin of the aircraf t* 

5 Testing of the fire protection sj^teiti is initiated by 
activating the test switch to energi^;© the test line 
27 0* Aa shown in Fig. 10a r this provides pulses on the 
reset line 110^ the reset* line 148 and the FOR line 114 
to reset all valve and bottle latches* Also, line 270 

10 energisses the RTl test relay coil to open the RTi 

contacts (Fig* 10c) r thus remo%«^ing the 26 volt power from 
the bottle detonator circuits to prevent actual da to nation 
of any bottles in the test Hode* Lines 24 4a-244e provide 
small amperage current to the bottle detonator circuits as 

15 indicated in connection with the first erffcodiitient of 
the invention* 

The test line 270 connects with line 66 8 between diodes 
670 and 672^ as shown in Fig* lOe* The test line thus 

20 resets the flip flop circuits 606 and 608 on lines 614 
and 616 to ixiake their 0 outputs high* Test clock pulses 
on line 6 04 are then allowed to pass circuits 6 06 and 6 08 
to the clock input of circuit 58 0 which provides pulses 1- 
9. The lights on the control panel indicate that the 

2 5 system is in good operating condition* The test 

sequence teOTinates with the ninth pulse which goes to the 
clock inhibit pin of circuit 580* As in the first 
embodiment, the low level current applied to the bottle 
detonator circuits is insufficient to cause actual 

30 detonation but does pro^rida an indication of the 

ability of the system to detonate hot ties in the event of 
a fire* 

In the test mode f 28 volt power is nomally rCTioved f rom 
35 line 649 (Fig* lOg), and the inclusive OR gate circuit 

6 52 receives one high input on the test line 27 0 and one 
low input on line 649 ^ making the output line 654 low* 
Consequently r the test clock 602 cycles the output from 



017O7'!f9 



gate 664 high and low, and the cycling signal is applied 
through inverters 658 and 660 to cause LED 662 to flashy 
thus indicating that the system is in the test mode* Mien 
the system is out of the test itode, line 6 49 is high and 
5 line 270 is loWf so the inclusive OR gate 652 and mMD 
gate 664 both provide low outputs to the LED 662* 

If a fault should occur in the test mode causing a failure 
to remove 28 volt power frcstt line 649r both lines 270 and 

10 649 are energized^ and the inclusive OR gate output is 

a constant high which energis^es LED 662 constantly* B^lso^ 
the BSC 546 is inhibited, thus preventing the test 
sequence fr<M continuing and thereby preventing the 
discharge of bottias* This inhibit signal is generated by 

15 the output of MAMD gate 648 via line S48* Conversely, 

if there is a failure to return 28 volts to line 649 when 
the system is taken out of the test trsode, lines 270 and 
6 49 are both low to provide a constant high output from 
the inclusive OR gate 6 52* Again, the LED 662 is on 

2 0 constantly* In this fashion, LED 6 62 provides a 

visual indication in the event of fault in the system* 

I f two way val ves are used In the f ire pr otect ion sys t^ 
rather than ttwree way valve S/ there are three valves 

2 5 present, one for each ergine compartment and one for 
the cabin. The bottles connect with each valve. 
Activation of the Uo^ 1 valve latch circuit opens the left 
engine valve, and activation of the Mo. 2 valve latch 
circuit opens only the right ermine valve {^o^ 2 valve) 

30 since AND gate 556 and the RV-2B relay are now 

eliminated along with the connecting line containing diode 
560* The VO--cabin line 122c connects directly with line 
538 and the No* 3 valve latch circuit since diode 540 is 
replaced by a jumper* 

35 

The bottle detonation is acccmplished in the same manner 
described previousiy, and the test system and fault 
indication are likewise the same. Initial depression of 
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the crash switch activates gate 5 92 immediately to provide 
high signals to the * aiid ¥0--cabin linss through 

diodes 596^ 5 98 anc3 6 00> All three valves are then 
og^neci. The next depression of the crash switch activates 
5 latch 5 66 and^r since capacitor 573 is now fully 

charged/ activates gate 572 and latch 576* The high 
signal on line 5B1 activates gate 545 {^'ig* lOb) which 
provides firing pulses to the FPG bus 180 in sequence with 
the pulses frcm the FFG clock 17 8* These pulses cause the 

10 bottle saquence counter circuit 546 to detonate all 
bottles in sequence/ and the eKtinguishant is applied 
through all three open valves to the three fire zones of 
the aircraft* Sequence CDunter circuit 580 is inhibited 
by the high input applied on line 5 81 to its clock inhibit 

15 pin and is thus prevented from resetting any of the 
valve latchasp 

Eneryi^ation of the impact switch line 5 90 activates latch 
582 and, through diode 697 , immediately activates latch 
2 0 592 to open all valves as previousiy described* After 
a time delay sufficient to fully charge capacitor 585^ 
latch 576 is activated to effect detonation of all bottles 
via gate 54 5 ^ also as described previously* Again ^ line 
5 SI inhibits circuit 580 to prevent it from resetting the 

2 5 V al va la t che s * 

Fran the foregoing ^ it will be seen that this invention is 
one well adapted to attain all the ends and objects 
hereinabove set forth together with other advantages which 
30 are obvious and which are inherent to the structure^ 

It will be understood that certain features and 
subcombinations are of utility and may be employed without 
reference to other features and sub combinations* This is 

3 5 contempiated by and is within the scope of the claims* 

Since many possible embodiments may be made of the 
invention without departing from the scope thereof^ it is 
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to ba understood that all matter herein set forth or siiowri 
in the acc<mpanying drawings is to be interpreted as 
1 1 lustra t is? e and not in a limiting aense. 
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1, A fire protection systam for a vehicle such as on 
aircraft presenting therein a plurality of fire zones r 
s a id sy s tern c m pr i s i s a plural i ty of c los ed c o n t a i n e rs 
each hol di ng exti ng uishan t ; a matii fold conne ct ad wi th each 
5 container to receive ext inguishant therefrom? an 

extinguishant line for each fire sono/ each line having 
one end communicating with said manifold and an opposite 
end comMUBloating with the corresponding fire zoriB to 
apply ext inguishant thereto? a valve for each extinguish 

10 ant line having an open position wherein the 

corresponding ext inguishant line is open between said 
manifold and the corresponding fire zone and a closed 
position wherein the corresponding ext inguishant line Is 
closed? laeans for discharging each container to apply the 

15 extinguishant therein to said manifoidr valve control 

means for each valve operable to move same from the closed 
position to the open position; and means for inhibiting 
said discharging means to prevent any container from being 
opened unless at least one valve is in the open position/ 

20 whereby at least one valve is open whenever 

extinguishant is discharged £rcm any container to the 
man i fold » 

2* A system as set forth in claim 1^ wheralns said 
25 valve control means includes a normally interrupted 

valve open circuit for each valve operable when cciHpleted 
to open the corresponding valve? said discharging means 
includes a normally interrupted container discharge 
circuit for each container operable when ccmpiated to 
3 0 discharge the correspondiog container j and said 

inhibiting itieans is operable to prevent completion of the 
container discharge circuit for any container unless the 
valve open circuit for at least one valve is completed* 

3 5 3* A system as sat forth in claim 2f including a 

switch for each valve open circuit, each switch being 
operable upon the initial activation thereof to cc^piete 
the corresponding valve open circuit and upon subsequent 
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activation thereof to ccmpiete at least one container 
discharge circuit* 



4* A syat^ as set forth in claim 3^ including visual 
5 indicator itieans for each switch providing a visual 
indication wnen the correspondir^ switch has been 
initially a c t i v a t ed * 

5* A system as set forth in claim 2^ tncludingi s a 
10 switch for each valve open circuity each switch being 

operable upon the initial activation thereof to ccmplate 
the corresponding valve open circuit? means for maintain'- 
ing each valve open circuit in the completed state thereof 
following the initial activation of the corresponding 
15 switch; and means for com pie ting the container 

discharge oireuits in a preselected sequence in response 
to sobseqiient activations of each switch following the 
in i t i ai a ct i va t io n t he r e o f * 

2 0 6* A system as set forth in claim 1, incioding 

visual indicator maans operable when any valve is in the 
open position to indicate which of the containers holds 
e X 1 1 ng ul s h an t ma t e r i al « 

2 5 7* A systarti as set forth in claim 1/ including s a 

first light source for each container; means for 
energizing each first light source when any valve is in 
the open position and the corresponding container holds 
ext inguishant J a second light source for each container 

3 0 contrasting with the first light source; and means for 

energizing each second light source when the corresponding 
container has discharged its exti nguishant * 

8* A ayst^ as set forth in claim 7, wherein said 
35 energizing rreans for each second light source 

includes^ an electric circuit for each second light 
source, each circuit having an activated condition wherein 
the corresponding second light source is ena rgigjed and a 
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d e ac t iv a ted c o nd 1 1 1 o n e ra i n t he c o r res po nd i ng se co ncl 
light source is daenerg i 2;ed ^ and a pressure sensitive 
switch in each circuit for sensiry the ext ingui shant 
pressure in the corresponding bottle^ each switch 
5 affactir^ the deactivated condition of the 

corresponding circuit when the corresponding container 
pressure is sufficiently high to indicate the presence of 
extinguishant therein and the activated condition of the 
corresponding circuit when the corresponding container 
10 pressure is sufficientiY low to indicate the absence 
of ext ingui shant ther e in * 

9*. A systa^ as set forth in claim 1? including xnaans for 
automatic ally closing all o^^ri valves when said valve 
15 control mear^ is operated to i^ve another valx^^e to the 
open position* 

10, A system as set forth in claim 1, including means for 
opening all valves s uhs tan ti ally simultaneously and itiaans 

2 0 for dischai^ing all containers in a preselected 

sequence after all valves have opened. 

11, A systa^ as set forth in claim 1, including: a crash 
switch; ireans for opening all valves upon the initial 

25 activation of said crash switchj and means for 

discharging ail of said containers in a preselected 
sequence upon subsequent activatioa of said crash switch, 

12, h system as set forth in claim 1^ including nieans for 

3 0 opening all valves and discharging all containers in 

the event of a preselected occurrence such as a crash of 
the aircraft* 

13* h fire protection sy statu for a vehicle such as an 
3 5 aircraft presenting therein a plurality of fire zonesf 

said system con prising; a plurality of closed containers 
each toiding eKtinguishan t? a manifold connected with each 
container to receive ext inguishant therefrorai an 
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ext^ingul shant line for each fire zoney each line haviBg 
one end ccrtimunicating with said manifold and an opposite 
end catimun lea ting with the corresponding fire zone to 
apply extinguishant thereto; a \?alve for each extinguish 
5 ant line having an open position openirg the 

corresponding line and a closed position closinQ the 
corresponding line; a normally interrupted valve open 
circuit for each valve operable when completed to effect 
movement of the correspondir^ valve to the open position; 

10 a switch for each fire zone operable when activated 

once to effect completion of the valve open circuit for 
the corresponding valve? a normally interrupted container 
discharge circuit for each container operable when 
completed to effect discharge of axtinguishant from the 

15 corresponding container; and means for effecting 

completion of a different container discharge circuit each 
time each switch is activated after the initial aGtivation 
thereof? whereby repeated activation of any switch effects 
discharge of said containers in a preselected sequence* 

20 

14* A system as set forth in claim 13, inciudir^ a light 
source associated with each switch and means for energiz-* 
ing each light source when the correspond iing switch has 
been activated once to open the corresponding valve « 

25 

15* A sy s tern as set f o r t h in c la tm 1 3 # i no iud i ng s vo lume 
selector switch nseans for at least one fire 2:onei said 
volume selector switch means having first and second 
positions; jBeans for effecting completion of a preaeleoted 

3 0 number of container circuits in a prede termined 

sequence each tiKie the switch corresponding to said one 
fire 2one is activated after the initial activation 
thereof with said volume selector switch means in the 
f irst position? and means for ef fecting completion of a 

35 different number of container circuits in a 

predatemined sequence each time the switch cor res pending 
to said one fire zona is activated after the initial 
activation thereof with said volume selector switch means 
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in the second position* 

16* A fire protection system for an aircraft presenting 
therein a plurality of fire Eonas, said sj^tem ccmpris 
5 i ng : a pi ur al i ty of c 1 ed c on t a 1 n e rs e ach ho 1 di ng 
extinguishant; a manifold ccmmun lea ting with each 
container to receive ext ingulshant therefrom j an 
extinguishant line for each fire :zoner each line prov^iding 
commun ication between said manifold and the corresponding 

10 fire zone? a valve for each eKtinguishant line movabia 

between opan and closed positions to respect iveiy open and 
close the corresponding linei valve control means for each 
valve for effecting opening and closing of same; means for 
discharging each container to apply the ext ingulshant 

IS therein to said manifold^ and maans for automatically 
opening all valves and autoptical ly discharging all 
containerB in response to crashing of the aircraft, 

17* a sj^stem as sat forth in claim 16, inciuding nieans 
20 for providing a time delay between the opening of ail 
valves and the diacharging of the containers* 

18. A systera as set forth in claim IS,' including manually 
activated switch n^ans operable to effect opening of ail 

2 5 valves substantially simultaneously upon initial 

activation of the switch means and to effect discharge of 
the containers in a preselected sequence upon subsequent 
activations of the switch means following the initial 
activation thereof* 

30 

19* A f ire protection system for a vehicle such as an 
aircraft having a plurality of fire 2:0 nes there in r said 
system ccmprisirg: a plurality of closed containers each 
holding extinguishant a iiianifold communicating with each 

3 5 container to receive ext ingui shant therefrcfct when the 

container is discharged? an ext ingulshant line for each 
fire ^onBt each line providing communication between said 
manifold and the corresponding fire s^onei a valve for each 
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ext ing ui shant linei. each valve having an open position and 
a closed position to raspeetively open and close the 
corresponding line; a nomally interrupted valve open 
circuit for Bach valve operable when completed to open the 
5 corresponding valve y switch means for effecting 

ccsTipletion of each valve open circuit? a container 
discharge circuit for each container operable when 
energized at a predetermined current level to effect 
discharge of the cor res pond ing container; means for 

10 applying current to each container discharge circuit 

at said predetermined levels a test circuit operable in a 
test mode of operation to effect coapietion of each valve 
open circuit in a preselected sequence and to apply 
current to each oontainer discharge circuit in a 

15 preselected sequence at a low level below said 

predetermined current level to avoid discharging the 
containers in the test mode; indicator means for each 
valve providing an indication ^hen the eorres ponding valve 
opens in the test mode; and iiidicator means for each 

20 container providing an indication whan current is 

applied to the correspondir^ container discharge circuit 
in the test m>de* 

2 0* A system as set forth in claim 19^ including visual 
25 indicator xreana for indicating when said test circuit 
is in the test mode* 

2 1 * A sy s tern a s set f o r t h i n c la im 1 9 ^ wh e r e i n s a id t es t 
circuit includes: a test switch having a first position 

30 wherein the test circuit is in the test mode and a 

second position wherein the test circuit is out of the 
test mode J and means for applying said low level current 
to each container discharge circuit in said preseiected 
sequence each time a different valve is opened in the test 

3 5 tuode • 



2 2* h By St em as set forth in claim 19^ where in ^ said 
current applying if^ans Includes a first voltage aource and 
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means for connect iny said first voltage source with each 
container discharge circuit whan said test circuit is out 
of the test mode; said system includes a second voltage 
source providing less current than said first source; and 
5 said test circuit includes means for disconnecting 

said first source from all container discharge circuits in 
the test mode and means for connecting said second voltage 
source with each container discharge circuit in said 
preselected aequence in the test mode* 

10 

23* A systCTi as set forth in claim 22/ including means 
for providing a fault IndiQation if said first voltage 
source is not disconnected frorri all container discharga 
circuits in the test niode of said test circuit* 

15 

2 4 * A sy B tern, as sa t f o r t h in c la im 2 2 ^ i no iud i me a ns 
for providing a fault indication if said first voltage 
source is not connected with each container discharge 
circuit when said test circuit is out of the teat mode* 

20 

25* A f ire protection system for a vehicle such as an 
aircraft presenting therein at least three fire 2;ones^ 
said syst^ comprising s first and second three way valves 
each having an inlet port for receiving eKtingaishant and 

2 5 a pair of outlet ports respectively connected with the 

inlet port when the valve is energized and deenergiged; 
means for connecting one outlet port of the first valve 
with the inlet port of the second valve and the other 
outlet port with one of the fire zones; means for 

3 0 connecting the outlet ports of the second valve with 

fire zones which are different from one another and froii 
said one zone; a plurality of containers each holding 
ext inguishantj means for connecting said containers with 
the inlet port of the first valve? a switch for each fire 
3 5 Bone operable when activated to provide a flow path 
from the inlet port of said first valve to the 
corresponding fire aone; and means for discharging each 
container to apply the ext inguishant therein to said inlet 
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port of the first valve ard from there to the fire zone 
corresponding to the switch that is activated* 

26« A fire j^rotection syst^ for a ve h i c le sucli as an 
5 aircraft presenting therein firsts second and third 
fire zones, said system ccmprisirsgs first and second 
three way valves each haxfing an inlet port for receiving 
extinguishant a deanergized outlet port connected with the 
inlet gort when the valve is deanergi^ed, and an energized 

10 outlet port connected with the inlet port when the 

valve is energised; a plurality of containers each holding 
extinguishant, said containers each beir^ connected with 
the inlet port of said first valve to apply extinguiahant 
t he r e to wh e n d t sc h a rg a d ; me a ns f o r c o nn act i ng t he 

15 energized port of said first valve with the inlet port 

of said second valve; means for connecting the daenerti i^ied 
port of said second valve with the first fire zone? ir^eans 
for connecting the energized port of said second valve 
with the second fire zone? itieans for connecting the 

2 0 deenergijsed port of the first valve with the third 

fire zone; a switch for the first fire 20 ne operable when 
activated to energize the first valve and deenergi2;e the 
second valve to establish a fluid path through the first 
and secorrf valves to the first fire zona; a switch for the 

2 5 second fire ^one operable whan activated to energize 

both valves to establish a fluid path through the valves 
to the second fire zone; a switch for the third fire ^one 
operable when activated to deenergize both valves to 
establish a fluid path through the first valve to the 

3 0 third fire zone? and nieans for effecting discharge of 

each container to apply the extinguishant therein to the 
fire zone corresponding to the switch that is activated* 

27* The invention of claiiB 26, including ii^ans for 

3 5 d e act iv a t i ng al 1 other sw i tc h es wh an a ny sw i tc h is 
activated * 

2 8* The invention of claim 26, including means for 
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inhibiti?^ said means for effectirig discharge unless one 
switch is activated* 

19*: The imrention of claim including manually 

5 activated crash switch means operable when activated 
to energi^je the first valve and discharge at least one 
container with the first valve energised, to energise both 
valves and discharge at least one container with both 
valves energised, and to deenergig^e both valves and 
10 discharge at least one container with both valves 
deenargiEed* 

30* The invention of claim 20 ^ including means for 
dtscharging all undischarged containers with both valves 
15 deenargi2;ed in the event of a malfunction resulting in 
failure of either valve to energi2;e» 

31* The invention of claim 26, including crash switch 
means operable autoxaa tic ally in response to crash of the 
20 vehicle to ener:gize the first valve and discharge at 

least one container with the first valve energisied/ to 
BUBrgizB both valves and discharge at least one container 
with both valves energissed/ and to deenergi:se both valves 
and discharge at least one container with both valves 

2 5 deenergiEed* 

32* The invention of claim 31^ wherein said crash switcfe 
means is operable to discharge all undischarged containers 
with both valves deenergigjed if either valve fails to 
30 energ ize* 

33* A fire protection system for a vehicle such as an 
aircraft presenting therein a plurality fo fire zones^ 
s a id sy s t m^ c am pr i s i ng : a pi ur al i ty of c 1 os ed e on t a i ne rs 

3 5 each holding ext inguishant ; valve xtieans for each fire 

zone connected with the containers and operable when 
activated to provide a fluid path frcrni the containers to 
the corresponding fire zone; means for discharging each 
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contaiaer to apply the extiingui shant therain to the fire 
zone corresponding to the activated valve nsaans? test 
means for actwating each valve means in a preselected 
sequence and simulating discharge ot the containers in a 
5 preselected sequancei and crash sv/ifcch means oparable 

when aetivated to activate all of said valve f^eans and to 
discharge all of the containers. 

34* The invention of claim 33^ including xttaans providing 
10 at ime de lay be twe en act Iva t ion of bb id va 1 ve me a 
and discharge of the containers* 

3S* The invention of claim 3 3^ wherein said test means 
activates said valve Dieans and simulates discharge of the 
15 containers In an alternating pattern* 

3 6* The invention of claim 33 r wherein said crash switch 
means is activated manually* 

20 37* The invention of claim 3 3? wherein said crash 

switch means is activated automat ical ly upon crash of the 
vehicle* 
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